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Introduotioit 

Material for investigations forming the subject-matter of this progress report 
was obtained from seven cases of “ Kuinri ,sent to the laboratory from dilferent 
parts of the province. The animals were kept at the laboratory under observa- 
tion and treatment for variable periods and then destroyed humanely under 
chloroform. Careful -post mortam examination was held in each ease and tissues 
were removed and preserved for histopathological studies. Clinical observa- 
tions, results of the examination of blood, urine, faeces and the cerebro-spinal 
fluid and findings are incorporated in this report, while the correlation 

of the histopathological findings is held in abeyance as the greater part of this 
work on the central nervoius system still remains to be done. 

ClLNICAL OBSERVATIONS 

The cases under investigation were fairly representative of the disease 
in various stages. All the animals were “ aged”. Out of 7 cases—one was an 
Arab ; 4 were Walers and 2 were country-bred. Two were entires ; 3 were geldings 
and 2 were mares. They were received from the following places: — 


Name of Place 

Arrali . . . . ■ • 

Pui’nea . . • . 

Hazaribagh Police Training College 
Muzaffarpur , . . . 

Bettiah . . • • 


ISTumber 

received 

1 

2 
2 
1 
1 


7 Animals 
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Tn all casos paresis of both the hind legs (iKimplegia) %\ah prestut. 
was ehoEP bv the charaoteristio stanee-the jKiTetic htad logs 

:p“:rtanatherc.legBbeiBg»rH«^^^^^^^ 

their share, of the body-we.ght and "'“I"; ” ' , antaal 

dragging their toes along and ‘®“ being neither flaccidity nor 

was of the spasfae kmd (spasm atid ^ «inmKf all the 

im distanotiy progreBaivea ^ ^ ^ ^ 

TTie cait in each case was that of spastic paraplegia combined with atey. 

TKa snastic element in the gait was shown by the dragging of the hind Inn s s ow y 
The sp^^tic the ground very little flexion of hochs, pronounced 

forwErdwtatiteto^ap^^ g d.^ wmsg . 

circumduction, speciahy noticea aurmg . , ^ 

WErd ip EP Ettompt to cles. ^KTl^ S - walking 

End t^ «r, a “ hipping ” character, 

mdeed, so .. evidenced by the fact that, during walking, _.. 

ataxic element of the ga mnamnletely from the ground, as though 

^bis perfect musoniar 

to an E«w^ to the animals showing great lack of con- 

■■■, sense was dearly f®“ “ to fall when backed quickly. The 

' ^t WES particularly well brought out. when the animals 

^ ^“pSae to tom: they lifted their limbs very cautiously, inyariably crossed 

them, and tended to fall when turned rapidly. 

' Two oases showed distinct tremor of muscles on attempting to move some- 
what Xiite to the volitional or so called “intention tremor” seen n. insular 
ItaosT The tremor was most marked in the hind legs, t was absent, when 
the animals were at rest, and practically unnoticed during slow w.ilk, but when- 
ever the animate were made to trot, a course of jerky twitdimg of the muscles, 
fteqnently convulsive throwing up of the hind legs, mvariably occurred. 

In no oaie was any loss of sensation observed. On the contrary, all cases 
ahdwed lumbar hyperalgesia, as evidenced by the visible win.-mg .and crouching 
“used by pressme over the loins. As regards the vesical and rectal sphmeters, 
ia no case' were they found to be affected. 

' ^ * ExLAIUINATION op PAPCES 

' ; ' ■ Repeated microscopic examination of the ffieces and scraping from selected 

' ateas of intestinal mucosa was carried out. Almost all oases showed eggs of 

round wonns'but the ova of schistosomes were not encountered. 
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Examination- oe urine 

CJiemical and TO icroscopicar examination of the urine was carried out on. 
several occasions. In all advanced cases the urine was invariably bright yellow 
in colour, and its consistency was such that it poured like thick linseed oil. On 
standing, a thick yellowish somewhat flaky sediment settled down at the bottom 
of the flask. CJhemical examination showed that this turvidity was entirely 
due to carbonates and excessive amount of phosphates. This yellowish colour 
and thick oily consistency, -with the characteristic sedimentation on standing, 
appeared to be so striking and invariable a feature in all advanced cases, that it 
might prove ver3J' helpful in the diagnosis of the disease. It w^as repeatedly 
found, that during the improvement resulting from the specific therapy 
advocated by this laboratory, there was a noticeable change iii this character 
of the urine. Chemical examination failed to reveal any other abnormality. 
Microscopic examination showed crystals of carbonates and triple phosphates 
in abundance, and iri each case, eylindroids were present. Repeated examination 
for schistosome ova gave negative results. 

Examination oe the -blood 

Repeated examination of blood smears from each case failed to reveal 
any parasites. No corpuscular abnormalities, e.gf., anisocytosis, poikilocytosis, 
polychromasia, or nucleated red cells were met with. Each case, however, 
sho'vs'^ed a slight but distinct increase in the number of eosinophiles, and this was 
proved by the differential count, which showed the eosinophiles to be 14-16 per 
cent of the total number of leucocytes (normal for the horse being 3-4 per cent.) 
Hcemoglobin estimations always gave a figure in the neighbourhood of per 
cent. 

Clotting of blood 

Tests, similar to those described in my paper on Nasal Granuloma f 1932 ], 
■wore carried out on a few samples of blood to find out the retractability of the 
clot in eawscs of “Numri”, -which appeared to have an identical etiology-. It 
was found that there was a similar non retractibility of clot in these sa-mples 
as w-as observed in the samples obtained from cases of Nasal Granuloma. 

Eormol-gel test (aldehyde reaction) with serum 

While experiments were being carried out on the retractability of the clot, 
Formol gel tests were applied to many samples of serum with a view to excluding 
the possibility of protozoan parasites (Leishmania and trypansomes) lurking 
in the system of the animal. The results were all along negative. 

Cerbbro-spinal fluid 

In view of the fact that some workers have reported the presence of filaria 
in cerebro-spinal fluid in cases of “ Kumri this fluid w^as obtained from four 
cases by the method usually adopted for the intrathecal injection of Nagano) 
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in surra,, and each sample carefully examined for protozoan and helmintMe (schis- 
tosomes and filaria) parasites. The resul^^^ were in all eases negative. The 
fluid was found to be clear in all cases except one, in. which the turbidity was 
obviously due to accidental admixture with blood. Examination of the cellular 
content of the fluid by Thoma Zeiss counting apparatus re-vealed, in three eases, 
only a ‘‘slight mononuGleur Pleocytosis ’h Two of the four samples showed 
traces of glucose, while the other tw'o failed to show any glucose when tested 
with Eehling’s reagent. Pandy’s test gave, in two cases, an “ Opalescence ” 
showing the presence of globulin. No quantitative examination of albumen 
could be carried out, but qualitative examination by A.ufrecht^s method showed 
about equal amount of albumen in all the four cases. 

. Post-mortem, FINDINGS 

All the cases at the laboratory w^ere humanely destroyed by chloroform and 
careful post mm tmh examinations ivere carried out. The abnoimalities noted in 
connection with the different part.s were as follow^ • 

Alimentary canal . — In view of the fact that existing literature contains 
no records of habronema tumours in the stomneh in cases of “Kumri ”, mention 
must be made hero of the finding of thc.se tummirs, varying in .size, from that 
of a golf ball to that of a billiard ball, in four out of .seven cases. In fact, tlie.ss; 
tumours were so constantly found in the first few cases that they” appeared to 
have some etiological rehitionship with the disease. The position of habronc- 
miasis had. however, so many distinct noint.s of divergence from “ Kumri ” that 
it was ruled out of eon.sideration in connection with etiology— -a position whicli 
has later on proyed to be correct by the absence of such tumours from otlier 
three cases. Incidentally, reference must also here he made to tlio ehemothera- 
peutically important tact that full course of intravenous injections of antimony 
compounds had produced no effect whatsoever on these worms. In two ca.scs 
the stomach contained giistrophilua larvae. A]iart from these findings the 
stomach did not .show any other patholo<i{(>al ('hauire. No abnormalities wtus' 
noticed in the small intestines, mid the only nohihle, nlihough by no means un- 
usual, feature in the large intestine was ihe presence of a variable number of 
nematodes, chiefly strongyles, sclorostomes and trematodes. 

Mesenteric vessels . — In view of the fa<*.t that the symptom -com ple.x of para- 
sitic aneurysm of the anterior mesenteric artery sliows some points of resemblance 
to that of “ Kumri ”, special pains w'ere taken to make careful search for such 
aneurysms in ail oases. Only in one case was such an aneurysm present. Bchis- 
tosomes were, however, encountered in the blood, obtained in the manner des- 
cribed in the previous report, from the mesenteric vessels of three animals, that 
had not been treated, and in the one case. t^.hat. had died after the third injection. 
The mesenteric vessels w^ere eongcstorl in ail cases. 
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Peritonemn — Notliing abnormal -vras noticed in connection witli the 
peritoneum, or its contents. In only one case a filarial parasite (Sefaria- 
lahiato-papilhsn) was met with, but this case showed neither ocular filariasis nor 
filarial nodules in the liver. 

Lirer . — Tn all eases, the eap'sule of the liver showed patchy filwous adhesions 
to the parenchyma. Careful search was made, in the xnamier described in my 
previous report, for schistosomes in the portal vessels. Out of these seven cases 
four had been treated and three untreated. In all the untreated cases schistoaomes 
were recovered from the portal blood. Out of the four treated, three had been 
treated with antimony compounds and one with emetine hydrochloride. Schis- 
tosomes were found in the animal treated with emetine and in the animal, w’hich 
died after the 3rd injection with tartar emetic, but no schistosomes could he 
found in others treated with antimony compounds. Some portions of the liver, 
in a few cases, showed distinct cirrhotic changes. 

Iliac Fcs.9c?-i'.— Another disease, the syndrome of -which may simulate that 
of “ Kumri ”, is iliac thrombosis. Attention was accordingly focussed on these 
vessels in each case, but no evidence of thrombosis was present. It may here 
bo mentioned that rectal exploration on the living animals had been carried 
out in sojtio cases, and this too had failed to reveal the presence of such throm- 
bosis. 

H-jilecn .. — Tlio s[)leen did not show any abnormality. Only one case showed 
a sliglit cong(*stiun of the renal medulla. The suprarenals were apparently un- 
aifocted, and nothing noteworthy was seen, in connection with the bladder, heart, 
lungs, ))leural contents, lymphatic glands, the skeletal stnictm-es or muscles. In 
one ea.se cysts were present in the ovary. 

Nervom .---Tha brain nml tlio. entire spinal cord of eacii animal were 

laid i)are by carefully sawing throngli the bones td th (3 skull and vertebra] canal, 
and tlion carefully removed by cutting thremgh. their connections with the skull 
aiid Vertebrae. In tluwe f^'^posed cavities, search wa.s, at this stage, made for filaria 
and schistosonu's, and many smear and cover slip prc])a.ration.s from different 
parts were oxaimnad for protozoa and helmenthic ova. The results of tliis exa- 
mination have, so far, been n(^gative. 

Tn. each ease the olfactory lobe, the cerebellum, the cerebrum, the caudate 
nucleus, the hippocampus and the medulla oblongata were cut into and thoroughly 
searched, for abnormalities. In no oa.se were filaria or sdustosomes encountered, 
and in no case was there any evidence of macroscopic change, either in, the meninges 
or the substance of the brain. In one case only wuwe the vessels of the choroid 
plexus rather significantly tortuous. 8mear and cover slip preparations from 
different parts have so far failed to reveal any protozoa or helmentluo ova, 
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la the different rcgionB of the spinal cord also, close searching, combined 
with cover slip and smear examination,, failed to reveal anj protozoa, helmintlia 
or their ova. In two eases gdlatinons infiltration was observed around the cord 
in the dorsal and lumbar regions. In no case was there, however, any macros- 
copic evidence of patchy or leptomeningitis. Even in the cases in which the 
lumbar region of the cord showed disorganization, there was no morbid alteration 
of the dural, arachnoid, and pial membranes. 

The morbid anatomy of the substance of the cord, as revealed by close inspec- 
tion of its cut surface, appeared to vary according to the stage at which the animal 
was destroyed. In less severe oases, and specially those that had responded to 
treatment, the grey matter did not show anything beyond a few punctate hae- 
morrhages, specially in the lumbar region of the cord. In more advanced cases 
th€)re was a distinct vascularity of the grey matter giving it a pink appearance. 
In the case which was elinically very advanced, and which gave no response 
whatsoever to specific therapy ivith compounds of antimony, the lumbar portion 
of the cord appeared to have had undergone such disorganisation that the line 
of demarcation between the grey and white matter was rendered quite indis- 
'tinct, , ' 


The white matter did not show any ntarked naked eye abnormality in five 
cases. In two other eases (Bhutani and Arrah Black) the white matter of tbe 
first part of the lumbar cord showed, specially in the vicinit}" of posterior cornuas, 
small pea-sized tumour-like growths. Only one such tumour was present in 
the Bhutani, v/hile the Arrah pony showed two, one near each cornua of the grey 
matter. The surface of the eord opposite to that containing the tumours showed 
in each case a cavity in which the tumour was apparently lodged in the intact 
cord. Histological examination, now in progress, mil reveal whether these growths 
are neoplasmatic gliomas, or merely the result of hypergliosis, 

Disoitssion 

Clinical observations detailed in this report have revealed sufficient uni- 
formity in the syndrome to justify regarding “ Kumri ” as an entity. The para- 
plegia with the elements of ataxy and spasticity, tin; absonci^ of nuiscuJar wasting 
of trophic and sensory disturbances and the- non-afiVetion of recta! and vesical 
sphincters are seen in each ease. Many workers have written about the difii- 
cnlties of diagnosis in cases of “ Kumri Series of observations have shown 
that wherever with the symptom complex, usually descuibed, one gets the charac- 
teristic thick sedimenting urine, rich in phosphates, and showing cylindroids 
on microscopical examination, one can be pretty certain that one is dealing with 
a case of “ Knmri.” 

The results of the chemical and microscopical examination of the cerebro- 
spinal fluid would appear to show some points of correspondence with the syndrome 
met with in human disseminated selerosisj in so far as the slight cell increase and 
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the weak globulin reactions are concerned. It remains to be seen whether Lange’s 
Colloidal dold reaction will yield a paretic ” type of Lange’s cutto, and whether 
quantitative examination of the protein wiU reveal little or no excess, for, then 
the correspondence between the two diseases would be exact— the Wasserman 
reaction, the absence of wliich is of diagnostic value in disseminated sclerosis, 
being ruled out of consideration, when dealing with equines, naturally insuscep" 
%ihl^ to T ref onema pallidum. 

Post mortem examinations have revealed the presence of numerous schisto- 
somes in the liver in every untreated case of the disease, and blood examination 
has also revealed a slight but distinct eosinophilia, the occurrence of which while 
common to many helminthic infestations and dermatic disturbances, is quite a 
notable feature in schistosomiasis. 

OoNOLtrsioju 

(1) “ Kumri ” is a definite morbid entity, because the majority of affected 
animals present a uniform symptom-complex. 

(2) Schistosomes are present in numbers in the liver in every case of “ Kumri 
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Inteodttction 

The sizG) Blia>pc Eiid iiu.ttib(3r <'>1‘ ittt globules «.)t mi 
in the separation of milk, tlu‘ oluHiiiTig of cream, tl 
over long distances, in choose- making ai^d. in the in< 
of milk. The size of fat globules bears a relations] 
as the cream with larger fat globules tiiuriis with less 
the smaller globules predominate. The size is of lurt 
with the handling and sldi)ping of milk. Milk ha\di 
rapidly and when transported over long distances n 
churning in the form oi butter granules on the sui 
unsuitable for marketing purposes. 

Most of the Western breeds of cattle have becui st 
to the suitability of tluir 
milk, etc,, depending 
example, the Channel island breeds, (e.^f. 
as butter breeds ’’ - 


milk for differeni:. tiuiry products hke butter,^ cnecjse, 
on the size, shape and nrnnber of fat globtdes in it. lor 
b... . 3..., the Jersey and the Guerixsey) are known 

due to the fact that besides containing a Idgher pc^rcemtage 
of fat their milk contains fat globules of large size, wldch makes them very suitable 
for eaay ohurning and consequently for butter-making. Simi ar y ^ 
British breeds the Short Horn and the Ayrshire axe considered more suitable o 
cheese-making because of their milk having fat globules of medium size and < i . y 
uhSfbrm in shape. The Indian breeds of cattle had not, however, een ®y® 
maiacaJly studied so far from that point of view and this work was, tbere^ re, 

fr. wbfttheT bv the study o£ the size, shape 
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and number of fat globules in the milk of various Indian breeds of cows and 
bnifaloes, a similar Glassification could be made wMoIi woxikl lielp the dairyman 
in the elioice of the breed of cow or buffalo most suitable for his requirement. 

Early history of the detection of fat globules in ndlh.-—Tlie presence of fa,t globules 
in milk was first reported by A. Van Leewenhoeck in 1674. The manner in 
which fat globules of milk are liberated by the mammary gland was explained 
by Marshall [ 1922 ] in the form of three hypotheses which he jiut forth. 

Bouchardat and Quevenne [ 1857 ] observed that the size of the fat globules 
varied appreciably in the milk of different breeds, and indicated that the globules 
in cow’s milk varied from 10 to 2 microns in diameter. 

Sturtevant [ 187S ] reported the milk globules to appear as circles of unequal 
diameters, and stated that these globules were enclosed in a thin membrane 
or pellicle of extreme tenuity. 

Babcock [ 1885] did not agree with Sturtevant that the fat globules were 
enclosed in a thin membrane or pellicle. He compared the globules in milk 
with artificial emulsions and concluded that they were not enclosed in a membrane 
but were surrounded by a thin film of serum. 

Methods employed for the study of size^ shape and number of fat globules pre- 
sent. — Different methods were used by different workers in the field for measuring 
the fat globules of milk. The method used by Lamson [ 1888 ] was to dilute the 
milk with three to four hundi’ed parts of water, place a drop on a cover glass, 
and invert over a cell on an ordinary microscope slide. 

Collier [ 1891*92 ] used the method developed by Babcock, and studied the 
variation in the size of fat globules in milk througliout the lactation period of 
individual animals. 

Various other workers have studied the variation in the size of the fat globules 
in milk of individual animals of different breeds during their period of lactation, 
a more recent publication in the field heiiig that of IL Campfijell [ 1932 ]. 

Results of the microphotographic study of the fat globules in samples of 
milk of goats, cows, human beings and homogdiii.scd milk, liave very rec^^ntly 
been published in an American Journal by Apple [ 1935], 

Exfekimental 

Names of breeds studied. — The following is the list of breeds of Indian cows 
and bujffifiloes which were considered for the purposes of this study. It represents 
breeds of cattle of the purely draft type as well as milch type. The list is not 
as complete as it should be and the omission of important breeds like the Sahiwal, 
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Amratmalialj etc., although iiriinteiitional was unavoidable due to lack of proper 
response from the sources from wliieh the samples were to be obtained : — 

' f Scmdi. 

I 'Gk.. 

i Tharparkar. fKaiigiam. 

Milch breeds Hariana. Draft breeds .J Assamese. 

1 KaiikreJ. Malvi. 

1 Ongoie. IDhani. 

(^ Krishna Valley. 

fMurrah. 

Biiffido „ Siirti. 

LNagpim. 

Lim. of study. — -The main line of study was of the number, size and shape 
of the fat globules in the milk of the above breeds of cattle with a view to ascertain 
the differences in (a) the milk of cows and buffaloes, (6) the milk of milch breeds 
and draft breeds and (e) tlie classification of milch breeds according to the suita- 
bility of their milk for marketing, butter and cheese-making, etc., if possible. 

Meifwd of obtaining flic, samjih's. — 'iho milk samples of tbe various breeds 
were obtained from dilTorcnt parts of Jiidki uuder the following strict constant 
conditions : — 


1. Four samples — one jioimd each— -were received on four successive 

days. 

2. Each sample w’as representative of the herd and not from one indi- 

vidiial animal. 

3. Each sample, before being packed and (lespatched, was koxit in as 

cool a condition as jjostiiiblo; and [I’escrved by adding about six 
drops of formalin to a pound of milk. 

4. Each sami>le W'c.s rec.-eived in an ordin^-ry glass bottle, securely packed, 

care being takcii to hi! Llio milk ligiit up to the toj) to avoid air 
bubbles aiid to prevent fa.t globules churning or sj)litting during 
transit. 


5. Each sarnjde wms labelled with tlu^ name of the breed, the number 
of milcli animals in the herd (the average number being 42), the 
time of drawing of milk sample (which wjis always during early 
morning) and the date and the time of despatch. 

The above conditions were adopted after carrying out ptreliminary experi- 
ments in order to obtain the samples in such a maimer as not to damage or alter 
the siz© or shape of the fat globules. Various preservatives were tried in order 
".|o get;the best results, and formaldehyde, which though commonly known to 
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be debriinental to the fat globules when used in fairly largo quantities, was found 
to f)e most suitable. The minimum quantity of formalin required for keeping 
the milk fat globules in their original condition for oven upto a. fortnight, was 
found by experiments to be about six drops to a pound of milliE. 

The above conditions were found to be most practicable, since the samples 
received from such distant places as Baluchistan, Punjab and Assam were in the 
most satisfactory condition for the purposes of this experiment. 

The experimental work wa.s carried out during the first quarter of the year 
during which time the summer had not advanced so far as to have very harmful 
effect on the samples during transit. ^ ^ 

Mdhod emphi/ei in tahing fM pJiotogmphs.~-~TliQ photographs of the fat 
globules of various samples were taken with a vertical compact apparatus made 
by Messrs. E. Leitz, Wateler, which c-onsists of a microscope, fitted with, a 
camera to take pictures of the magnified image directly on to the negative 
plate ill the camera. This apparatus is, ilhiste in Plate I, 

A reference has alre i.dy bBsii made in this paper [ Lamson, loc. ci#.] to the 
various methods used by tlie different The following 

was the method adopted by the authors. - After the proper mixing of the sample 
to get a representative picture, a drop of milk was taken on a cover glass, which 
was then inverted over a cell of a microscope slide, and a photograph taken directly 
after noeossary focussing and the study of the preliminaries of the apparatus. 
The negatives of the camera were further magnified, and directly a print was 
taken. 

Mellioils employed in mimtmg ani cMculatmg iJm number mid size of the fat 
globules. — The eoimting of the number of fat globules was carried out with the 
help of the counting aiipara-tsis devised by Jeffer. The ruled glass plate used 
■was 105 lUDi. square with a cirerdar ruled area 132 mm. in diameter. This area 
was divided 1 ) 3 - oonc.ontrio oiiado into equal areas, whleli were subdivided by radii 
or segments of radii into smaller integral portions. Trio average number of fat 
globules given in Table I, represents a mean value obtained from counting about 
twelve photograpliic pictures in the case of each ])reed. 

The magnification in all cases was 35.0, determined by means of a haemacy- 
tometer cell, and each picture given in Plates II- VI, Pigs. 1 to 10 represents a 
constant original area of 0*0303 square mm. with tbe diameter as 0*21 mm, 

The results of these experiments are given in Tables I— III, 
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NiimMrysize ami shape of fat globules in the milk of the breeds of Indian Cattle 


Table I 


this table the names of the breeds are aiTanged in groups as classified 
into inilch and draft breeds arul bofialoes. The cross -bi’ed and Ayrshire cattle have 
becm included as the samples of their milk were available. 


Breed 

Nuinber of fat globules 

Diameter of 
globules of 
normal 
size 

(in microns) 

A%’'erage 

Minimum 

Maximum 


"Scindi cows . 

1,000 

970 

1,100 

3’4 


Gir cows . . 

1,203 

910 

1,540 

3-1 

Milch 

Tharparkar cows . 

1,140 

1,045 

1,.376 

3*4 

Breeds. 

Hariana eow.s 

1,000 

1,013 

1,177 

3-4 


Kankrej cows 

1,247 

917 

f 1,470 

2-9 


Ongole cows 

1, 1.3.3 

953 

1,310 

t'l ■ 


^Krishna Valley e,ows 

1,078 

992 

1,352 

. 1:9 

Foreign 

f Half-hred cows 

1,002 

803 

|T,126 

3-4 

Breeds. 

Ayrshire cows 

1,060 

1,013 

1,177 

3-7 

f ICangiatn cows 

1,267 

1,260 

1,270 

3*7 

Draft J 

Assamese eow.s 

1,160 

1,001 

1,417 

2*9 

Breeds. ] 

Malwi eow.s 

1,110 

090 

!,23S 

2*9 


Dhanni cows 

1,073 

95.3 

1 ,200 

2*9 


^ Murrah buffaloes . 

94.5 

8.36 

1,09.3 

5*7 

Buffalo -< 

Surti buffaloes 

890 

723 

970 

5*4 

Breeds. ^ISfagpuri buffaloes . 

■ 

712 

560 

790 

5*7 


'Fable Jl 



^ I 

^ 1 



1 

I 


In this table th(' l)reLMls have been arraiiged according to the nuinher of the fat 
globules found in their inills.. 



Breed 


Kangiam cows 
Kankrt'j cows . 

Gir cows 
Assamese c<iwh 
Tharparkar cows 
Ongole cows * 
Malwi cows 
Haiiana cows - 
Krishna Valley cows 
Dhamii cows . 
Ayrshire cows 
Half-bred cows 
Scindi cows 





Number of fat globules 


Average 

Minimum 

Maximum 


1,267 

1 ,260 

' 1,270 


1,247 

917 

1,470 


1 203 

910 

1,540 


1,160 

],001 

1,417 


1.140 

1,045 

1,376 


1,133 

953 

1,3 U) 


1,110 

990 

1,238 


1,090 

1,013 

1,177 


1,078 

992 

1,3.52 


1,073 

953 

1,200 


1,060 

1,013 

1,177 


1,002 

803 

1,126 


3,000 

970 

1,100 
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Table III 

111 this table the breeds have been arranged aceardtug to the size of the fat globulos 
present in their milk. 



Diame 

ter of 


















globules of 

















Breed 

nor)! 

aal 

< 

llobuleS 

of 

noi 

■ina 

1 

Fg 

ur 

globule 

.s oJ 

' :b 

igg‘> 

t 


size 




size 







si 

KC* 





(in 








. ■ 










mierGns) 

















Murrah buffaloes . 

5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

11. 

0 

10 

0 

9 

0 

8 

6 

Hagpuri buffaloes . 

5 

7 

5 

7 

5 

7 

5 

7 

5 

/ 

11 

4 

11 

4 

10 

0 

9- 

2 

Surti bu^aloes 

u 

4 

6 

4 

6 

4 

.5 

4 

5 

4 

10 

.0 

9 

2 

8: 

6 

8 

() 

Ayrshire cows 

3 

7 

3 

7 

3 

7 

3 

7 

3 

7 

i 

1 

7 

1 

7 

1 

&’ 

3 

Kangiam cows 

3 

7 

3 

7 

3 

7 

3 

7 

3 

7 

11 

4 

11 

4 

11 

0 

10- 

0 

Half-bred cows 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

7 

1 

6 

3 

f) 

3 

6' 

3 

Scindi cows . 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

10 

0 

7 

3 

7 

i 

7- 

1 

Hariana cows 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

10 

0 

, 7 

1 

7 

1 

7- 

1 

Tharparkar cows . 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

0 

3 

6 

3 

5 

7 

5- 

7 

Ongole cows . 

3 

1 

3 

1 

3 

1 

3 

1 

3 

1 

6 

3 

6 

3 

5 

7 

■ :'S' 

7 

Gir cows , 

3 

1 

3 

1 

3 

1 

3 

1 

3 

1 


3 

5 

7 

5 

7 

5' 

7 

Dhanni cows 

2 

9 

2 

9 

2 

9 

'2 

9 

2 

9 

5 

7 

5 

,7 

■ 5 

7 

5- 

7 

Krishna Valley cows 

■ 2 

9 

2 

9 

2 

9 

2 

9 

2 

9 

5 

7 

5 

7 

5 

7 

: fy 

7 

Malwi cows . 

2 

9 

2 

9 

2 

9 

2 

9 

2 

9 

6 

3 

6 

7 

5 

7 

■ 5* 

7 

Assamese cows 

2 

9 

2 

9 

2 

9 

.2 

9 

2 

9 

6 

3 

5 

'7 

5 

7 

5- 

7' 

Kankrej cows 

2 

9 

2 

9 

O 

9 

2 

9 


9 

8 

■7 ■ 


1 

7 

1 

?• 

1 


* N.B. — ^1. It was not possible to measure the size of very small globules which 
occurred as mere spots on the photographs. 

2. In the case of the Ayrshire breeds the COWS numbered two, so the size of the 
fat globules cannot be taken as aceurate for purposos of comparison with other 
breeds whose number averaged 42. 

Discussion 

It can be seen from the alxive results that tliere no direct relationship bet- 
ween the number of fat globules, theii%size and the total pcu.'ontagc of fat in the 
milk samples. Still, it be explalued in, a gone*r;i] juauncr that in samples 
containing a high miinber of fat globules the siKe of Llic fat globules was eoiujuara- 
tively sinaU and wee 

It can also be observed from the results that in tlMveasc of the buffaloes the 
size of the fat globules wais on the whole large and the nnmhcr consequently low 
as compared to the cows. This can be seen from Piute LV-Vf. 

Furthermore, it can be observed that the size of fat globules in the ease 
of draft broods is ratlier small compared to tho fat globules in the uiilk of milch 
breeds. This can bo seen from Plates II and III. Another (ntcrcstii)g observa- 
tion is that when the fat globules are medium in size tlioy arc fairly uniform in 
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■ (’ONOr.f'SJUN-- ■ ' ■ 

From the al Hive observe i.rtions it eau. therefore, he, eonehif]eii tluit 



{i.) vonijte.reo lo uie e'ow .s i-nc. oun iin ,s Dliik (‘oilt-a-ins lal- ,u'i.oLuie.S ot a 
l-irua'}' s!Z{' iiioiif^h sin.‘i.]h‘S.' in nninher. ’[''or that reason butfalo’s 
iniik e;m ije et)n-;i(le]‘<Hl more siiirsJjff' for hutfer ;iii(l u'hee niaiiu- 
f;i-eiur>.’ and less suit i.hle for ntavketijiii ]‘iur[io.ses vvlion it rviiueH to 
luiiLi (list amt* fraiisport. 

(2) Of the tivo el:i.s.*5es of eovr hrei'ds. f.e,, the, draft ami the niileli i>reods, 
the milk <»F the tlr.rft (froiip eontaiu^ fat elobule-s. medium in size, 
mt»re in iiinnher ;nid more uniftu’m in shape eonifiared to the mileh 
l>rec-ds. hut as the dr.vft iireeds Jki a rule y;ive very little milk in 
their jmveut .state of development, this quality of their milk eamiot 
be |)ut, to iniu’h jiraetieal use. 

(II) In the mileh breeds thtsnseives from the above study there does not 
appear to la* any marked variation in the number, size and shape 
of the fat globules, as such it i.s diffieiilt to classify these breeds for 
specifie purposo.s, such as for market milk, butter-making, cheese- 
making, etc. But in practice and with years of experience in the 
actual handling of the milk of various important breeds it has been 
found that milk of breeds like the Oir, Hahiwal,' Tharparkar, is 
pre-eminently suited for butter-making and therefore for ghee- 
making. Whereas, the milk of breeds like the Seindi, Ksmkrej, 
Ongole and Hariana is suited for marketing purposes, he., selling 
milk as milk. 
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Introduction 

Bovine theileriasis, as a condition distinct, from redwater (Hafeesm bigemim 
infection) of cattle, was first recognized in India in 1026, wlicn Edwards reported 
the occurrence in hill bulls of a specie, s of protozoan parasite conforming with the 
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Tiiii: iNiU'ix .foruxAi, u?.' 


Nri: .V-;n AVJ^iaL UITRIUKDEY. jjVnVl 


1 i... I! 


hi herih 




I 


m 


'mr 


. 77 '/ fV- ihit- 
India used tt» he as “ .mmuI! ”, 

fil^Ciuhid OT * , iie |!reseta*e < 

ssiueiir." heiilJ '.'-id V-- *' iridie-lle ie,’'-: "■ ‘eii. v. iti* fia 
water-’’” j iAfruard % H;A7VI. duieet ;!./ -•■n..- (hea. v, e'rkiTU;: at tins Insti- 

(li.-'f‘OVc‘ri'<] ee3':;!i)i sine:,/' ■ ' "t j »,j, Ki't'li’s hhjf* 

in tlio ie.-etiu.'; <,>t' halts i}.u[- iied ;<fti r iia ii-niiirl'.'U v.i?h rindei pest vis'iis, tliescs 

k'sious p>’e-'-eatiii<i a e-ss m un--' otK;--! .FeAtr< the hleiod piflurein 

these fata! iniV-ctifnis liaviutx ‘H'i'ri later eharisert ir/t'd !»y Fdwards [lli3u] as follows : 
7 * Almost loo -per v‘eni of ile* ei-iis, v, ere insadrd, often ■witli ciimeroiis parasites, 
and in soriie eas<'s the ehme;ited lii'a/tilary f.-rns^ oj' piroplasms were fret}tteiit or 
even pre.pond.ri'ale(l, instead ot ilu' o\<,i ['orm usuailv fomid almost exclusively 
.in. the Itdmit type of iid'-elioij, S!ru<t iin*;*, shiiilai* to tlioso discovered by 


■ a;, th dllip-idslied fi'OHl li. 

;ai\ iif'ihe.'i* Ibrms in l;1uod 
jio, rO of tuipit'aj " red- 


per, lta\(i .slia-.e la '(‘0 lut inlreipi.eist !;\ eis (aiiit;eK,a! ill this eoiintry, boti^ 
blood and organ sriK-ars' from aeido eases of lud ural th,caleriasis in eattlo^ 
parasite eoue<.3J'iied in nJi ssich casr?.:, ,5iav.;,i,i,p beer. }M.d.ievecl to |:nv 2h W 

as is vvi‘11 known, is of \videspre:id ocfarm-nef In t In-, blood of laittlcniilridia. Tho 
conditions inHier wi.tieii tliI.-> speites of prunoale, whielj is riormolfy innoctuoiis for 
bomne s}({><*ie,s, nttiiins the stat us «.>!' vin fen.t variant for tliORO animals havo 
bctui tile subjeet <sf speeijirdioji, aful tin n bar .Ims l;eeii tentatively advanced tlrat 
the para site might ‘'gain sptcibd patbog«-ijie propervies in the body of a highly 
Buscoptible- host’' [hldwards, Itilldl, t.his possibility being suggested lyy the fact that 
Brimipt, in Paris, sncceeflcd in exaltiirg an Aigcria.V' jffrnir* ofSh vmfam by passage 
ing it throiigli French cattle tlisit- Wi;rr’: normally free from infection with this 
parasite. .It would appear tluii. liiis was the only posit ir.n tiu'if c-r-u.id Ic taken at 
the time emreerning the identiiy of the juvra.- ite, |nirtieuhirly in view of tire fact 
that all atteiupts to trarrsmit tire disease experinumtaily wore consistently nega- 
tive, this being held to be suggesrivc* (h' 1 ho rvi.-'teius* ofa “enrrlev’-’ IrhcCiion in the 
majority of the ealtle juipulrtlon in this issnihy. 

fcjiuco llu' fewegoing oliS/'r\ ei lens Vfie piiblis.lHcf lH%,ev<-r, rhi- }'osi<i<<n iji 
regard to bovine dicile? Iasi;, in <iifiet‘< rn j atls s/t ila- wojbl be.s passKl tlasiugh a 
series of vu.issiiude.s and tin,' ]>r«il({(n! h}.!;- .laav atlaiiusi a. ilegrcf' <tf < oniplexity 
which is perliaj'/s lart sliared by any etfrt'r pi'ottszofin disease of ariimais. In India 
itself, a mass of new fards has come to .figid uc-ecssitating a. revision of t,ho view 
previously advanced in regard to tin^- specific ideiiiitp- of iho parasite 
involved in fatal cases of tluhh'riasis in cattle, On,e salient fact tliat has emerged 
out of tho controversy that has centred round the Cjiiesiion of t.he idtmtity of these 
paravsites is the unroliabiiity of their morplioio^/ioal features as an indication of the 
extent of their pathogenicity. As pointed out by Sergent and his collaborators 
[1927], the actual pathognomonic element in theileriasis is the presence of the 
plasma . bodies, so that the question of the specific identity of the theileria parasites 
themselves assumes a position of only secondary importance. On tho other hand, 
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recent evidence wonld appear to point to the conclusion that even these bodies 
possess but a limited qualitative signifieance from the standpoint of pathogenesis, 
in view of their association, although in “ extremely rare ” numbers [du Toit, 
1930a] with T. nmtans, which, as already mentioned, is regarded by common con- 
sent as a harmless species. 

A number of biological properties have been postulated from time to time as 
capable of being utilized for the differential diagnosis of the various species of 
Theileria parasites, but with the acquisition of more intimate knowledge concerning 
these properties, they have been found to possess bub little specific value. Thus, 
the causal agent {T. parva) of East Coast Fever, which at one time had been believ- 
ed to be non-inoculable with blood, has now proved to be definitely, although with 
difficulty, transmissible in this manner, whilst Sevan [1924] has even advanced the 
theory of latency, in an unrecognised form, of parva, parasites in a proportion 
of recovered cases, although it has hoen an almost established opinion that the 
immunity developed after recovery from T. parva infection is both solid and sterile. 
A similar view has also been more recently expressed by Walker [1930], who reports 
having obtained evidence of the fact that “ recovery from an original attack of 
T. parva did not confer a solid and lasting immunity’’. Finally, the status of 
T. jMTva itself, as the causal agent of East Coast Fever, has been questioned 
by Eiichardson [1930], who would seem inclined to the view that the condition 
is in reality induced by an ultra- visible virus. 

It would thus appear that it is the quantitative combination of a number of 
dissimilar elements that is now held to be diagnostic of the different species of 
Theileria parasites. Thus, as Richardson [1930] points out, there is “ little to dis- 
tinguish between T. mutans and T. parva except the more numerous blue bodies and 
parasites in the latter infection Furthermore, referring to certain blood smears 
sent by Cooper from India and showing numerous blue bodies, Richardson remarks 
that “ had they been encountered in Africa, they would have led to the diagnosis 
of East Coast Fever 

The systematic side of theileriasis has thus assumed the aspect of a com- 
parative science, with a considerable amount of scope for the expression of indi- 
vidual opinions, and this makes it a matter of difficulty to reach an objective 
decision on the several issues involved, particularly in regard to the relationship 
of one form of Theileria parasite to another. This is strikingly illustrated in the 
discordant views held on the subject. Thus, while, according to Carpano [1930], 
Tropical Piroplasmosis, East Coast Fever and infection are all one and 

the same condition and caused by T. annulata^ Van Saceghem [1924], on the other 
hand, regards T. parva as the only “ good” species and T. dispar and T. mutans 
merely forms of this. Doyle [1924], however, disputes the identity of T. mutans 
with T . parva, and considers the latter as being limited to Africa south of the equator 

n 
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ami T, mutans as Ix.lng re,spn!isi])l(> for tlu; forms ofibeilrriaKis oonirring iiiEgypt, 
Sudan, TraHsra.iiea.sns and tlio IMcdili'rraneuii littoral. The unique practice of 
classifying the disease in (iiffcrent eategorii'.s in accordance ivitli the name of the 
iocality in ivliich it is known to occur, (c.g., ‘‘ East Coast Fovor *, * Lgyptian 
Ftnnu’ Meditorramaxn Coa.st Fovnr Tropical Piroplasinosis ”, etc.), further 

illustrates the difficulty of adopting the oouTtudional method of designating the 
condition on the basis of the specific identity of the causal organisms. 

It would seem tliat a considerable amount of further data will have to be 



that the observations embodied herein will be tound to contain some now matter tor 
consideration, particularly in relation to paihogtmesis of the disease and the 
phenomonon of immunity. 

The present paper deals with work lairried out, during the period from June 
1932 to August 1934, with a strain of Thoiloria parasii.es isolated from a fatal case 
of the disease in a hill hull at Muktixsar. The strain is still being kept alive liy 
passaging, but the observations carried cait alter August. 1934 mainly concern a 
method of treating the condition with anti-scrum and tlioy will form the subject, 
of a second communication. 

The paper also includes, at:, relevant points, brief reierences to the more im- 
portant outbreaks of theileriasis tliat have occurred during recent years among 
Friesian bulls imported into India for the ii.se of the Military Dairy Department. 

It is our pleasant duty to oxpre,ss our grateful thank.s to Mr. F. Ware, 
F.R.O.V.S., I.V.iS., Director of the Institute, for nmeh, helpful :u1vi<T^ and guidance 
and for keeping us constantly alive t o ihe importance of this investigation. In our 
account of the oiithronks of theileriasis among itU})orted bulls, wo have freely 
drawn from the observations recorded by Dr, J. T. .Eilwards, the late Mr. Hugh 
Cooper, Captain S. 0. A. .Datta and Mr. P. K. Krishna Iyer, and for tins wi‘ arc 
greatly indebted to them . Our thanks are due to Mr. Sunder llao and Mr, Ahmed 
Baksh, Artists, for preparing the illustrations. 

Source oe str.ain 

Previous to the work described in this paper, several attempts had been made 
to transmit the disease experimentally to hill bulls, but, as already mentioned, 
attempts had been unsuccessful On going over the records of these trials, 
Led to us that the failure to transmit the disease in this manner might have 
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been due to tbe fact that the infective material had lost its viability by the time it 
was used for sub -inoculation into experimental animals. In the present trials, 
therefore, the material for sub-inoculation was derived from an animal that was 
destroyed in extremis at a stage when its blood showed Thcileria parasites to the 
extent of about 1 to 10 in each red blood- corpuscle, associated with fairly large 
numbers of Koch’s bine bodies found both free and in the large mono -nuclear 
leucocytes. 

Oboldouef and Galouzo [1928], in experimenting with a species of Theileria, 
designated by them T. turkestanica, used emulsions of gland materials and defibri- 
nated blood for purposes of subiiioculation. On the other hand, Walker and 
Whitworth [1929], in Kenya, in the course of their experiments upon the artihcial 
immunization in East Coast Fever, observed that the disease could be transmitted 
not only by the inoculation of blood and gland juice, but also of spleen pulp, this 
last having yielded the largest percentage of successes. The infective materials 
used in our experiments comprised, in addition to the three mentioned above, 
emulsions of liver, kidney and lung. The quantity of infective material used ranged 
from 100 to 200 c. c. and the inoculations were given by the intravenous route, one 
bull being used for each type of inoculum. The results obtained in tbe case of 
the two bulls which received the liver and lung emulsions were of an entirely 
negative order, but all others developed symptoms of acute theileriasis as a result 
of the infective inoculation, and in three out of these four ■ animals the disease 
jirogressed to a fatal issue (it is, however, noteworthy that material derived from 
liver has since proved infective). 


The batch of four reactors mentioned above formed the starting point of the 
present inquiry, the strain being carried on from these and maintained to this day 
in hill bulls by blood inoculation. An injection of 5 c. c. of blood usually resulted in 
infection, but, in order to ensure against tlie strain being lost, the quantity actually 
used as a routine procedure was 20 to 30 c. c. administered subcutaneously, the 
blood being drawn at the height of thermal reaction, when the parasites, as also 
Koch’s bodies, appeared in fairly large numbers in the peripheral circulation, 
although in a few cases the disease was also siiceessfiilly reproduced by the 
inoculation of blood drawn at the height of temperature but containing only few 
parasites and apparently no Koch’s bodies. 

In all, forty-four sub-passages, involving the use of 273 bulls, have been 
carried out (Table I) without any evidence of the strain having undergone 
either attenuation or exaltation in virulence. Nearly 47 per cent of the animals 
proved refractory to the infection, wlulst the mortality rate amongst those that 
developed the disease as a result of infective inoculation amounted to nearly 
76 per cent. 
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Host STISGEPTIBILITY 

Ail experimental evidence points to the conclusion that the parasite is specific 
to cattle. Its infeotivity was tested upon two buffaloes, two sheep, two goats and 
a rabbit, but the results were negative. 

InoITBATION P.EETOD 

The period of incubation of the disease, i.e., the time inters onnig between the 
infective inoculation and the appearance in the circulating blood of either the 
parasites or Koeh’s bodies or both, associated with an elevation of the body 
temperature, was found to be 13 to 23 days, the average of about 14.5 reactors 
being 16 days. 

Symptoms 

The first noticeable symptom of the disease is an elevation of the body tem- 
perature, which may be to the extent of 3 to 4 degrees or more above the normal, 
this being accompanied by a running from the eyes, mouth and nostrils. The 
animal, however, continues to feed well during the first two or tlirec days after 
the onset of these symptoms, but as the disease advances it develops progressive 
inappetence, until eventually it goes completely off its feed. At the beginning of 
the pyrexial period, the fiieees are very hard, hut diarrhoea soon sets in, and when 
the disease runs a prolonged course, the evacuations are frequently mixed with 
blood and mueiis, although the urine usually remains unchanged. By this time, 
the animal becomes greatly emaciated and assumes a recumbent position. In a 
majority of cases, the prescapular and xtrecrural glands are enlarged a.nd tender, 
■whilst the visible mucous membrane of the ej^es shows varying degrees of 
icterus and petocMae. In a proportion of cases (Tig. 1), the temperature suddenly 
drops down to subnormal before death ensues, but when death occurs early, the 
temperature usually remains high, wdiiist in a few instances it lias been found to 
fluctuate within -wide limits. A careful examination of blood smears taken at the 
first rise of body temperature frequently reveals the presence, although in very 
rare numbers, of either the parasites or Kocdi’s bodies, and in a few instances both 
have been observed in the same smear, but the presence of these is demonstrable 
in large numbers only from about the third day of the disease. 

In fatal cases, the disease usually runs a course of 3 (Fig. 2) to II days, the 
average of about thirty -five cases being 5*5 days. Recovery, when it takes place, 
extends over a period, of 4 to 17 daj'-s, the average of nine recovered cases being 
8*2 davs (irig. 3). It is of interest that in a few instances the parasites continued 
to make their appearance, although in very small numbers, in the blood circulation 
for about 2 days after the animals had, to all appearances, accomplished a clinical 
recovery and had resumed their normal feeding. 


i 



Hill Bull 106. U Passage (Blood). Oie^d 


*Temperatut‘« 
Parasiles 
Koch Bodies 


Fig, 1. Soraewlmt prolonged incubation period {17 days). Temperature drops Suddenly to subnormal 

before death occurs. 
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frequent. 102 


Very few. 1 0 0 


Very rare. 
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numerous 


Temperaturs 
Parasites 
Koch Bodies 


Fia. 2. Incubation period very much prolonged (21 days). Duration of illness very short (about 5 days) 
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The symptoms described above present- a striking contrn.stj in several essential 
points, to those observed at Lahore, during ISTovember JOSS, in an outbreak of 
natural thoileriasis which occurred amongst a, batc'li of twelve pure-bred Friesian 
stud bulls import eci fjoni iSoutli Africa. Q'dicse observations, as made by 
Dr, J. T. Edwards and incorporated in a manuscript report left by the late 
Mr. Hugb. Cooper, wore as follows : ‘‘ The s,ymptoiiis of the disease consist of 

suddenly occurring and prolonged fever. The temperature remains constantly 
very high (105° to 107°F.) but no other symptoms are exhibited for the first few 
days. As soon as parasites {T. miiians) appear in the blood stream, however, the 
temperature begins to Avaver, to fall and rise again, but usually it neA’-er becomes 
so high, as in the early stage. .It is with the appearance of the parasites in the 
blood, that other symptoms are shown. The most strildiig and characteristic 
symptom is profuse laohrymation. A wateiy d{.scharge may also exude from the 
nostrils. The affected animals exhibit pica, or depraA'ed appetite, to a marked 
degree. The coat becomes harsh and ‘ staring ’ and the animals become pro- 
gressively AA'-eaker, and lose condition, wdien the superficial lymphatic 
glands are seen distinctly protruding beneath the skin. The loss in 
condition occurs . in spite of the feet that the animals may feed quite 
well imtil AAithin a day or tAAX) of death. The flanks particularly become 
hollbw, and in the bull which died at Lahore breathing became hurried 
and apparently very painfuL as seen in. might 

have been attributable to the extreme anaemia e.Xbibited. Estimations 
made shoAv that the red blood-corpuscles are probably reduced ii.i some 
cases to as low as about oiie-fifth of the normal. The visible mucous membranes 
become markedly anaemic in appearance, and in the latter stages some degree of 
icterus is. present, Diarrhoea m.ay supervene, and death Is usiiaHy lu-otracted. 
In the bull AA'liieh died at Lahore, until A^ery shortly before death it appeared that 
recoAmry might still take place, a s parasites had become markedly reduced in number 
in the blood, and the animal Avas still able to moA^e about readily ”> It should be 
mentioned that the rate of mortality in this outbreak Avms relatmdy low, for death 
ooeurred only in three (25 per cent) out of the tAvelve animals affected , the degree 
of severity of the affection, observed, in the remaining nine aiiimals being stated to 
be as foIloAA>’S “ Afery severe affection, 1 ; marked affeetion, 6 : marked affection 
Avitli relapse, 2.” It is noteworthy that the appearance of tire parasites at a late 
stage of paroxysi.n (on the seA'enth diyy) also constituted a feature of the disease 
Avhioli occurred among.sta batch of imported pedigree bulls of American origin, at 
Allahabad, early .in 1027 fEd.Ava,rds, 

Symptoms of lachrymation, associated with catarrhal rhinitis and an enlarge- 
ment of the superficial glands, Avere also a cJiaraoteristie feature of another out- 
break of theiloriosis which occurred, during 1930, a.mongst a. batch of imported 
Dutch bulls, at the Military Dairy Farm, Edrkee (Poona), wliilst some of these are 
also reported to haA'^e dey eloped “plea. during the course of their voyage to India. 

E 
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On flio lAtltorlirinil, tho Oun’mal symptoms observed in rofiin.-ils v.'-re D>n»d\ 
of ft remiftcMit lypo, abbonyli iis a few inslaneoK the tejnr en'tnr* f d fo 

remnhi hiyh end oven went up to ]07®.F. Theeondltioii in tJso r n;;f lij'-ol'. was. 
to all ftp]X‘aranena, ft chronic form of ibeilerijisis, (is is co i<!ciit‘f (] It Jn'si* ly 
of some nf tho anim-ds. Tints, itt one insiaDCC, the (liseasc, afoa’ rtondi p- ;in 
indilforeid courK', wJtlt pcn<id.s of jjrolopoefl absciice of avrv clioi.-al m rat'd m, 
stidd-' !'ly tT-:snJa''d atj aotde form ftticl progressed to a fatal ismo aftor ihr 

only oitc nr itvo days. Tlft^ exaininatioii of blood sineniv from the rd'ids-d d atdrnals, 
Iiowcv''r, shotvf'd, as a ntlo, flie presence of only rare ddu'ihrai liCTtO' !t<' • ;n'«i Is'' -'Id! 
bodies, but in r,no iustvne-p the blood smears showed niimcrnus para.dtcs ii! the 
acute stay-p pf the disease, about bO per cent of the n-d Mnn.d-(*(!rpu‘'des hcjisy 
invaderb abhraiyh tlic anaemic elianges were almost ncLdiyible. ft is v-fe'lli.r nf 
note that in the Kirkoo mithrcak death oeetirred in ottfy llsrce out nfa I at eh n.f 
ton alTcctfH] bulla (hO per cent), so that this relatively low inna’I alii y rule prc'i nls a 
striking parallel to what was found to be tho case in the T.aliore ouilat ak. 




Blood fiotuei 

As already mentioned, the ]iarasites make iheir appearance wiihiti tin; fi.'-f 
few (usually (sne to three) tlays of tho first rise of body temperahrrc. ahhotiph at 
this time ih<‘y occur in <e\dr<Trtely small numbers, not more fliaii fsne fiarasjfe i uiii.-; 
seen itt any one (‘^<rpnsclo. As the disease, however, advtuiccs. they rapidly itj- 
croaso in number and may eventtially invade 50 to lOt) per et'Ut of tbe rt'd bhuid- 
corjataeles, as mauy as t<m parasites liaving been setut in a single eorfutscle. Tn 
regard to Koch’s bodies, tlu'se usually vary in number from rare ” to “ ituiiter 
ous ”, ama-ximuin of ten having been seen in a single fkdd. Both fe-rins (ganiontfi 
and agftUionts) have been observed and it is also not unnstia 1 tt » encountt'r occasional 
exam]des of split tip ” forms. Koch’s bodies have alst? b-een enetAiiitered in 
proparatitms made from the interml organs, c.g., lymfthafie glands, y]tk'i'n, liver, 
JimgB, kidneys, testicles and oven from loBions in the Ktomadi. 

ThoThoileria j^arasi tea are usually seen as round (»r slightly oval forms, luivisig 
tho appearance of signet rings (Plato VIT), and tliey art- nnsstly uniform in siw', 
measuring from one to two microns in diameter. Tho chromatin, fartieidariy 
that at the peripheral ])ortion of tho parasit e, takes tlio stain Avtdl, t wo ch.rt aiie { :n 
spots being sometimes connected together, but the cytoidasm, wbieh takes a pale 
blue colour Avhen stained with Giemsa’s or Tfeishman’s stain, can only bo seen iis 
outline. It is extremely rare to encounter the rod forma of the parasite, and. 
when they are present they presumably represent the “ carrier ” forma of T. 
mufan^r, inasmuch as the latter are commonly met with even in the mcubath’'e 
stage of the disease. 

It is of interest that JBab&sta bigemina^ in *' rare ” to " very large ” numbers, 
was observable in more than OCj per cent of the bulls that reacted, to artificial 
infoctioni with theileriads, both'dwin^ the period of incubation and in the early 
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pi (‘'■T-Ait !^ 

'.riu* most ■>! :in^ t( li! lititHiif iiri'a iliiu jhim u.imta <it‘ 

the oeilcJHU ajui fjilst'urDUAr t.r ) !•,. ijj i-i >;■ i;:h. i,ti Pilt i iiai 1\ If! phalli- 

ami u{' ifa* .-pli-t-n ismi a li't'I.tf iiii/.ail i-i ’to i<’ u li < I * hi* hi fat . ! 1,< 'fn- aia* pf-hn'liiat* 

c»f the .-MTiHia Hilfi !!uicifU> iiifHihf'ar.i- ‘'Jm* < ^ ;!.(■ i-j i- arai i'lah'a.Uiliuin 

uml iarjii’ imtiifii*!.; af irrfuaiar li'^'-ihai n, . !•,- * a Pi* | hai uix {uhI flie 

trafiu’U. 'i’lif fintjA- arc iVi i,ui-:!d\ « ch hiait*!,- iia nlu ihumiiij uMinJly 

shows charHctari-tic iih't r-^ lih-h hinx iu ■.it'.** < = > nu :• yt a Uf i) ru})***' cnin. tia*!-:!* 
iiji‘ars ftiu-si'-itiiiij; <ii' « 1 '. 3 ;;i hit ih a. i ; i : aii a i !..> (.‘vsi 1;, a ].;a na n laithc 

5 £oiH‘. Siinilai* uh-f rs. a.-,-i 'will; ptiihiJi! iiuulo, I «* i' tual ah 1 flu- 

wlxriic li of lh>- iia P ;.aui i -1= iriuOi l- ; it-< ut in (’hr 

kidiiyySj l)ut tiiis lavs iior Ist'cai iouail cS lia* t . aniii a.Jii. 'ilai i.lionuae 

ai'icl .jisuiihy ^lsAv Sjiaaiiiitii -■ «! sortaas {iinj ..gf.-ro- 

aangii.irio<:>u.s'fiuiii.. ■ ■ ■■ "■■ ■ 

riii.fi)rl iiiiat'ely little* i]i{hiriH.'t:t.h>n,,ior ciii,fi|imL'at3) uith tha forogtaiig «I(* k- 
cription, is a\aitfahJe' cc'iit't'i'isisig the. pest-Hicnieia appcaram t-s iu the t'a.ses 
uaturni thii* luue ucfunol Hjiioue.-J jtapnriid Pui*si;iii hiil!,-; iu this 

(Mtuntrv. In eiH! 4>f thc> aiHHiah. irait tlirfi ai fashtae, shi- jivi-r .shj.weel iteerutie 
piilf*lw‘.*5 ^ut’Uayi'lhHv ivjtin* jui'i a d-a'p go'nni'h ptaipheiy and ext eiiiiing t hrnvigh- 
ot;t l.!if‘ pareuehynia, whilsf tiie liih* voe- '‘tlsmi hkr ihn s-uU'-tsJeitee ul' ihin 
jwrritige Tin* ahnniitsnni slinwed iimsiy luinuie peu’i'h-iae tahy to 

the centre, whilst the nnusats meinhi-atje wa.s fuimd ttj i-entairs “ intense ioionH 
of a pec; niiar Id iu I eutisj. ting cif innuiiu.'ral jie eireuinserilied sinali laitehes in nil 
stages of develop t'ju-iu into weyforun'd ulcers”. The post-mortem appearanees 
in tiio ease of two imported hulls which died ai Kirlvc-e* ccmdsled of an enlargianent 
of the? livcT and. spleen, and in one nfthe aulnuds ilu* kieiney, loc), was e.nlarged, 
whilst in the <>ther there was evid-.-nre of vt*gs-ia.t ive »*pic;irdii is, ussoeialed with the 
oeeurrence of peteciunei under tiie epienrdium. 

Vj.AiUtUTY CU‘ KTHAtS 

A short sei’ic's r-f ex } I'd nu-U'-s wnsfciriin i u1 ( n (h lo miiu* t },(' length c.f time* 
fur whii'h Tlualeria ]iHtHsites rcauHin viidde Imth at room duupe.rature (‘2T-22' C,) 
and in tko ref rig! 'rater . F<sr this purj use, hiood shenving large numbers of tlu'se 
parasites was drawn under sterile pteenuliu'Us ami cU fihritjaic d ];eiore sfcsiage. and 
it'H iufectivity was tested, at differe nt iiiierxals, upon hulls. jl was olKserved tljat 
blood kept at room temperature remained intec't ive ujs to 9(1 iiours and tliat stored 
in tho refrigerator completcJy lost its infeetivity vvitiuii six days. 

Localixation on “ viitua ” 

In view of the opinion expressed by Eicluirdson [1930] that the causal agent 
of East Coast Fever might in reidity be an ultra-visible virus, a series of 
©atperiments, as detailcKi below, was carried out to test the infeetivity of serum 
' Situd laked blood after tltese had been filtered. 
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THEILERTASIS OP CATTLE IN INDIA. 

Experiments with filtered serum . — Blood was drawn separately from two acute 
cases of artificial tlieileriasis showing large numbervS of Thoileria and Koch’s bodies 
and was allowed to clot. The scrum after separation was filtered through a Seitz 
bacterial filter and each filtrate was injected into two bulls in about 10 o. c. doses 
the interyal between the drawing of blood and the iiiJectiGn of the filtrate being 
about 26 hours. The results were, however, entirely negative, and when later 
tested for immunity by the injection of virulent blood, all the four animals proved 
susceptible to the disease. 

Experiments with filtered filocd.— Blood from an acute case of artificial theil- 
eriasis was defibrinated and haemolyzed by shaking w'ith an equal quantity of 
sterile distilled water. It was then filtered through a Seitz baoterial filter and the 
filtrate injected intravenously, in quantities of 20 c.c. each, into two bulls, but the 
results were negative. Both the bulls proved susceptible to tlieileriasis when later 
tested for immunity with virulent blood. 

Immunity TESTS 

The results of immunity tests are summarized in Table II. 

Table II 

Showing the restdfs of Imm/imity test on recovered cases 


Serial 

No. 

HUl 

Bull 

No. 

Date of infection 

Interval 

between recovery 
and tost 

Result 

Remarks 

1 

637 

30th July 1931 

About 78 weeks , 

Immuno 

Natural case treated with 
Blasmoquine. 
Rxporimontally infected 
and natarally cured. 

2 

14 

20th J"!!!!© 1932 

„ 35 „ . 

i 

3 

1160 

28th July 1932 

»> "9 » 

M 

Do. 

4 

101 

27th September 1932 

» 22 „ . 

9f 

Experimentally infected 
and treated with Todorit, 

6 

246 

24th September 1932 

*> 22 „ 

■ ” 

Experimentally infected 
i and treated with Piro- 

blUG. 

6 

167:''j 

i 

.1 

24th September 1932 

,, 22 „ . 


' Experimentally infected 
! and treated with 

1 Todorit. 

7 

■ 296' ' 

1 

, ! 

29th October 1932 . 

18 ,, . 

99 ■ . ■ 

Experimentally infected 
i and treated with 

! Ikypaflavine. 

8 - 

119 

19th December 1932 

12 


Experimentally infected. 
Reaction snild. Re- 

covery natural. 

9 

488 

19th December 1932 

»» 12 „ . 


Experimentally infected 
and treated with 

Blasmoquine. 

10 

761 

6th February 1933 . 


■■ 

Experimentally infected 
and treated with Sul- 
i farsenol. 





28 the INDIAN JOUUNAL GF VETEKlNAnY SCiKNCE AND ANIMAL TIUSBANDEY. [Vll, I 


POST-AIORTEM APPEAKANCES 

Tilo Diosf. (,*Dn;t;wifc post-mortem findings are a thin and watory character of 
the blood, ocdoma aiid enlargement of tliesupeifieial and bfiei-nai iynipliatie glands 
aisd. of tfu' and a gelatinized tamdition of the body fat. d tsa-i' am peba-liitte 

of ilio Herons jtnd nin cons membranes and also of the epicardinni arid endocrudiuin 
and largo nuiuher;; of irregular petechial marks on tlie huAnx, j hatynx find the 
trachea. The lungs are frecpiently oedeniatous, M’hilst the abcinasiiin usually 
shows cliaracteristic ulcers wbicli may vary in size from a pea to a. rupee coin, tliese 
ulcers consisting of a eeiitral block of ntrcrotic area siiircundi d l.y a liaemoirliagie 
zone. Similar iilcor:g a,-sociate<i tvitb petechia] maiks, ma^’ be found aloiig the 
wholi? lengih <>f llic iiDa-'tines. There may be liaemorrliagic infarcts pr(?sent in the 
kidneys, but tiu,s has not lieeii found diagnostic of tixe coiidition. Tire tlioracic 
and abdominai ca\i(ios usiialty sbunv varying quantities, of serous: and scro- 
saugiiiiH'ou.s liuid. 

UnforUinaiiiy lltth' exact informatiou, for comparison with the foregoing des- 
cription, is a,vni!:ti>lt‘ ( onei'i’iiing tlio post-mortem appistrunees in the chhcs of 
natural iheiba-iasi, -I tin*. t, have ta'cnried amongst ite.purted Friesi.-ui ludls in this 
country. Iiuuuj of tin' afiimabs that dit'd at Lahore, the. iivei' showed iiecrotie 
[)at<*l),es with a yellow eioun'- iuria ileep greenish pt'-Hphery uo.d «!xteuding tin-ough- 
ont th(i pareiu'hyma, wiiilst the ]>i!e was “ thiek like the eua-dsti'iiee. ol' thin 
pcirridge”, 'The abomasum showed uiany minute pdeeJuae (‘<-nli!ied oiily to 
tlie centre, wifilst the anu ons laemimino was fouinl to emilai.i iiUeuse lesions 
of a peculiar kind coiwi.-.tiug of innumerable circumha rilted smail juiteln-s in all 
stages of dtiveloj Hi lent into weikbrmed tileeis The pos‘t-.nu)i1('m appearanees 
in the ea.?e of two i;ngi)ried iaiHs which died at Kirkee couri.slcd ofau c-nlajgement 
of the liver and spleen, and in one of the animals the kid ne\', ioo, was enlarged, 
w'hilstintiie otlw'' tlua-e was evidence of vogifative opicurditis, as.-oeialeil with the 
oeetirreneo of peUx'-luae under the. epieartlium. 

V:.IA.:BILrJ.’Y. ■Ol!’ STKAXN ■ 
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A f-'hoi't serit's ('f eA|H rimeuts was cariiid mit to dettamiiu' ih(‘ le-ngth of linui 
for wiiieh Tlu'ileria,- parasites n-mnin viable l)Oth at room lempciaTure (2l''-22‘' C.) 
and in the refrigeraior’. h'or tin's purp-ose, blood Biiowing ]nrg{‘ numljims of iln-se 
parasites wars drawn under sterile jneeautions and defibvi rait cd btiore st oragr*. and 
its infectivity was tested, at diilorcnt inti'rvals, upon biilis. It was observc'd that 



blood kept ut room tempcratui''e remained infective up to yo hours and tiiat stored 
in the refrigerator cornpkf ciy lost its infectivity witliin six days. 

Localization of “vnius’’ 


of East Coast Fever might in reality be an ultra- visible virus, a series of 
experiments, as detailed below, was carried out to test the infectivity of serum 
and laked blood after these had been filtered. 



THEILERIASIS OF CATTLE IN INMA. 29 


Experiments wit^ filtered serum. —Blood dr&w'n separately from two acute 
cases of artificial theileriasis showing large numbers of TheiJeria and Eoeh’s bodies 
and was allowed to clot. The serum after seijaration was filtered through a Seitz : 
bacterial filter and each filtrate w^as injected into two bulls in about 10 o. c. doses, 
the interval between the drawing of blood and the injection of the filtrate being 
about 26 hours. The results were, however, entirely negative, and when later 
tested for immunity by the injection of virulent blood, all the four animals proved 
susceptible to the disease. 

Expenm,mts with filtered blood.— Blood from an acute case of artificial theil- 
eriasis was defibrinated and haem oly zed by shaldng with an equal quantity of 
sterile distilled water. It was then filtered tlirough a Seitz bacterial filter and the 
filtrate injected intravenously, in quantities of 20 c.c. each, into two bulls, but the 
results were negative. Both the bulls proved susceptible to theileriasis when later 
tested for immunity with virulent blood. 

Immunity tests 

The results of immunity tests are summarized in Table II. 

Table II 

BJiowing the remits of Iwm umiif test on recovered cases 


Serial 

No. 

Hill ! 
Bull 
No. i 

Date of infection 

Interval 

between recovery 
and test 

Result 

Remarks 

1 

637 

30 th July 1931 

About 78 weeks , 

i 

Immune 

Natural case treated with 
Plasraoquine. 

2 

14 

20th June 1932 

i 

36 

#> • 

ff 

Experimentally infected 
and naturally cured. 

3 

1160 

28 th July 1932 


29 



Do. 

4 

101 

27 th September 1932 


22 

• 


Experimentally infected 
and treated with Todorit, 

6 

246 

24th Sejotember 1932 


22 

• 


Experimentally infected 
and treated with Piro- 
blue. 

Experimentally infected 
and treated with 

Todorit. 

6 

167 

24th September 1932 

»» 

22 

n * 


7 

'296." 

29th October 1932 . 


■ 18 



Experimentally infected 
and . treated with 

TrypafJavine. 

8 

119 

i 

. 19th Deceinber 1932 

■ '■ 

12 


i 

, Experimentally infected. 
Reaction m&d. Re- 

covery natural. 

, : ..0 

I 488: 

j 

19th December 1932 

■ 

12 

• 


Experimentally infected 
and treated with 

Plasmoquine. 

10.' 

761 

6th February 1933 . 

! 

6 

* 

f» ■ 

1 

Experimentally : infected 
and treated with Sul- 
farsenol. 
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An examination of this table shows that animals after recovery from the 
infection develop what, to all appearance.?, is a solid and sterile immunity, this 
being in Contrast ■with, the type of immunity observed in the imported bulls, for 
in the latter case “it is believed that recovery from an attach leaves no real immu- 
nity and that the animals aim o.st certai.nly remain * carriers ’ of the parasite and 
are liable to relapses at any snbsecpieiit time ” [Cooper]. It will he observed that 
in three out of the ten animals subjected to these tests, recovery had occurred 
spontaneously, and this may afford an explanation for the fact that, as already 
mentioned, nearly 47 per cent of the animals sub-inoculated ■^Ith blood derived 
from acute oases of tlie0eriasi.s failed to develop tlie infection, for the resistance 
exhibited by these animals miglst have been duo to their liaviiig had attacks of 
the di.sease early in life. A j-mssibility' of tliis hind i.s suggested by the fact that, 
according to Walker [.1930], “ in young eel ve.s infested by handxvi th tictis contain- 
ing a pure infection of Theiluria parva it was not unusual to find a lower percentage 
mortalitjv as conipared with adulls infested by haiitl with the same batch of 
infected ticks On tlie ot.lrer luxnd, in a recent communication MacHattie [1935], 
in Baghdad, lias recorded tlie occurrence of a fatal outbreak oi'T. mirndaki infec- 
tion amongst a batch of dairy calves which wen? only two to three week.? old, whilst 
spora‘lic instances of similar i nfection lurve also been mentioned liy Mason [1922], 
S«;!rgei'it and his coll aborators [1027], Turnbull [llkM], and Tlieiler and Graf [1928]. 

It is ■^Yortlgy of note that, with a few exceptions, all ilio animak in this in- 
vestigation had been previously utilized in rinderjiest woik, and wliether this fact 



I 

% J 


in any way determined the development of the theiieriasis reaction in them is a 



matter that would seem to demand attention. 


PARASITE 


.fn tJie coninsou .slate oi our prejvuu kmwkiigf' eonccrn.'ng Ino .^'yvd'unatic 
pewition ofllio theilci'ia purn.='iles in genoj-al, ii would be iiai'flly j.roruabie to enter 
U}>on a lengthy di'-'cit.sf-ioii cf the speeilic itaanity of thn.'^e ittiolved in ncute, or 
fatal cases <»f iht' tliseurc in I'.uli.-i. As alriiuly i!iuicat>'il in. the inljoductiou, the 
prohh'in of ilieiied.asis itself n fjuinss turf licr elardieat ion t}eibn‘ any ttsefu! di.s- 
cuasioTi (.'tin he int<,!(-rtak<‘-n fouetining the ideutity of (ite pajr.sitcK. Thus, the 
condilion met with in India vt/uul ajtpcar to ecnnprise (hiitlrs T. mvMmr, in- 
fo(‘tion) tno distinct forms, which, fru" the of etiiiveniotiee, may ht' designatf-d 
as Typo .A at'd Typ(‘ B, their position in du I’oit’s [l()30u] sehenu' of chiRsifiealion 
being as folloiWR • — 






Showing the difference, hehveen variotts strains of TlioAUria including those occurring m India 

(After cln Toit) 
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jt will in' frs'TM Hm' fori\ijoTii.a table that wliilo Tv|i(' A ssf‘f-' chnraeiM’.s 
whi,rh art' vvitli tlKwe dc'Sciibed for 'I'yjn' alt 

it .iiiis thi’ iara- Si !auai‘! ‘r < >rdiagnoAtie points in eoirtianr, wiflt 7\ ncvt-rtht'- 

il in Ifa't-iiiHlderabiy'higlierrateofnioriarity. 

il i;'d!ln :ii'-iini) 0 ('.]. (ioweveiytliat diiToit |193nfjl iins axprcs.u'ii tlu- dpiiiioii 
lli.-ii tlif aaiTi! i/.' -y.'// .-luaild be r< gardtd as a synoin lis «>r foo/ifAa'o iUiiJ I hsii llu- 
Iatt<-r sluiuldii; d a.-, valid on grounds of prior!- y. .-t! Iba! ' ;irn only 

ihi’i"' s}H‘i-U's of of taittJo,, , namely. T. -foirn. T. anhi-hna and 7’. 

muhDus.'^ Tlnis \ ien- vrua Id ;ilso appear to l.>£> large!}’ sban-'d b} I’la itr [19110] 

Innisi’lf, a.s is e\ idftiri d by the expression " di spar or an'oiiiiln " freciUf ni ly 

Used liylriin. (Jn i b-s- ot ht r haiKldDonatieirand Li'Stotjuaid ] 1931 ] In-a-f i-onteisd 

ed that it is 7a that should be sunk as a synonym cif 7'. dispar and *' 

T. }u >if a li--:. wlnh^ Stsyvni, Donatien Parrot and ].! M'e(|!.aid | tiib'i] liaxe ('v< n 

H'ferred l(i {be pnssibint}' iitj’, drspur niKiergpIng a nai! jiha a^ylca f mediticai ion 

towards liu' t tul <i|' tiu* aeute stage Of tht‘ disr;is<' isiid inicuunu ( euipir t( iy 

attenuati'ii in \iridf!U'e (pre-'aUiKibly to the extent of being indi-t iuguislirtbie iVoiii 

T. amiidcita). 

It sta-ms to tlje })]‘rs'‘i;i n rji(*r.s 1 hut the euseff,x',7h (nnixhtia is b< tier iban tliat 
for T. dispur, for wlieicoH the. latter juinie is almost h | d to the 

])ara':ite fouful iit Algeria, T.amnilatn (or parasites almost identi,;d wid; it ) }ias» ^ 

Ix-eu /loHcribed IVotu sereru! eountries anunid the Meditej ram an b'fe. iie, biding 
thno* bordering on Algeibii itself, e.f/., Tunis jDuelonx, 19{‘5] joid Moroe-'o j\’: in 
aial Eyraud. .{Itlah ■-•o that it wonk] appear more than nrolaible tluil ilie Al‘j< ri:-n 
infeetin-n is nu-rely a ^airiant of the more widely disti-d.uted form cd’ thebh/riiis's 
which goes by the n.ame of i\1editerra!iean C^ra.sf Fever and, is helif'ved iij be (’ue 
to T. mirddalu. 

It has. iKAs'evt-r, been poind'd out recently by \':ddniofi’ and Id..'- ('Sill.aborn- 
tors (.193:!'], that tlu^ pr'f!p<irtion of round and rod forms ui' tlie-',. p;trasi?o.x 
varies within sneh v ide llraits in tlie {liffereut forms of {janleria infeetican', 
that this eharaeier e/in hardly b<‘ of any vaiuu for claj'sifu-ai ot}/ ]>nrpn.se.s, 
po that, eousideriag the aeutr-nf'ss of the infeetion, the la.te of nioitality and tin- 
type of immunity reaction, it cannot be regarded ns nlltigeliier iiniMobabie lliat 
Type B rc'prc.sents rnerei}' a variant of T. /wrrtf, but of deja’es.'-ed viruic nee. 

On the other lunid, the r videnee is so oyerw'hehning in fa\ our of Ihe vicov 1 hat 
tho parasite (Type A) concerned in outbreaks of acute theileriasisaruongrd imported 
Friesian bnlls belongs to the s])eeies T. anntdafa, that it is only neco.'-sary to con- 
sider the p<i.ssil)Ie manner in which these animals might luivt; eontraeted the 
infection. An examination of the history of some of these animals show's that, prior 
to embarkation from South Africa, they ■were mimnnlzed against African “piro- 

* This js why tPyp 0 B has been provisionally designated as T. mnulata in the Annual ^ ^ ^ 

Bepoit of this ILnstatwfee for the year ending Maafoh 3933 (p. 29). 
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plasmosis ”, by which term R 6 /gfcrniw a infection is doubtless meant. It is there- 
fore reasonable to conelmh' i hat the clinical symptoms exhibited by a proportion of 
these animals while m route to India, as already mentioned earlier in this paper, 
cannot have bc-en those of redwater, nor of T. parva infection, for in the latter 
event, the disease woiikl not have run a chronic course, as was found to be the case 
with a, large majority of the animals. The possibilitjr, therefore, suggests itself that 
the organisms were ac<]nired during the course of the. voyage, the infecting material 
having been, in all probability, tick-infested fodder. Evidenee of this is further 
atforded by the fact that the records in the posstsssion of this Institute contain 
particulars of two cases of theileriasis which oecurred among Frit^sian bulls 
importeddireet from Holland. It would be idle to dogmatize as to the exact 
locality where the infection might have been contracted , but it is probable that this 
occurred at some point along the Mediterranean Coast, where, as is w<dl knomi, 

T. infection is widely prevalent. 

. . ■ ^ 

CUBATIVB TREATMENT AND Pl{OPHYL.A NTS 

A fairly large number of drugs — mostly chosen on account of their known 
parasiticidal value— -were tested as to their efficacy for this condition, the dosage 
emplo3md having been in accordance with the schedule laid down by the mraiiiifac- 
turers themselves or based upon experience pi-eviousty obtained in the use of these 
drugs in the treatment of other di.seases. As the results of these trials were, for the 
most part, highly unsatisfactory, it would, be hardly profitable to consider them in 
detail, Thejr are, however, summarizc'd in the following table ; — 

Table IV 


Numher of animals cured 


1 (or 20*0 per cent) 

2 (or 33 ‘3 percent) 
2 (or 40 • 0 per cent) 

Nil 

i (or 12' 5 per cent) 

mi 

1 (or 11 •! per cent) 

2 (or 33 ’3 i?er cent) 

3 (or 27’ 3 per cent) 

Nil 

2 (or 33*3 per cent) 

3 (or 43*0 per cent) 
1 (or 20 • 0 per cent) 
3 (or 43 • 0 per cent) 
1 (or 16*7 percent) 

1 (or 20' 0 per cent) 

2 (or 18'1 per cent) 
1 (or 20*0 per cent) 
1 (or 12*5 per cent) 

11 (or S7 • 8 per cent) 



Pirobluo .... 

Todorit . . . 

Trypaflavine 

Antimosan 

Plasmoquine 

S. U. P. 36 

Sulfansenol 

Novarsenobillon 

Acriflavine . ' . 

Myo.gaIvarsan 

Mercuric chloride 

Bayer 205 

Antimony tartrate 

Gonacrino 

Sodium cacodylate 

Asaph elene 

Bayer 205 and Tartar emetic 
Quinine hydrobromide 
Atebrin and Plasmoquine . 
Atebrin .... 


38 (or 26*0 per cent) 


1 
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It will liO si‘oii tiiat r('('Ov('ry v.as ni-'ijnin d in tUily its (fi ?]u‘ i4t» juiinia!*' (20 
pf‘r C{*nt) iisofj in lliivr Irials u.'ifi tluii ihc «i.': trc.snlts n nlMnincti \uil) Atfbrin, 
Bavt'i- 205*’ and (innin-vir'O i’nnk' d rrcniul \v, li;r- ( R- rsir isiJsni' liami. 

Homo aliovvanoo lias f<'])n nia<'l<' fiH; ihf- un-l ilau, u; a '■■ifjnl' '.t»n t't (‘um's, 

reoovovy lias Ijci'Ii Ibund i o naciir s|.onian!‘on fy, --o i h'- lu hiaf obii-at'y ot Uu-se 
romcdk's is probal>Iv loss tlian f Inu iiitho.nf'u iy tho ];or"4 niaL'^ s. M'oj'ki ti out above. 

A slioH Kories of l■•x|)i'^i■nK■il^s \\a-- also ea nv. cl out tin' Ta hie tifllie so- 

called/* pro-mmiitioii ” ayannsi ili’/ili-t a.-e.iuvii v^ orilit-liiulily onomirayiii^re.siilts 
reported to have been ubtaita d by S',.je-erd find ids eoil:d.<n';;f ors j'ibbl] ayainst T. 
(itspar infection ill A? orth AfV’o:i by ilu- fnloidion of this jnetlnuf. Tv.eJvt' bulls 
were each mjectedsiibcnt;in(aui:d^^ vdih o. to ofbltiod drawn ;ft tie- initi;!! sfiiyo 
of the disease, l.c., on the very hrsi apuefinairf of f];r fela'ile symptonia, it beinp; 
assumed that the Wood so dnivijr vonid Ik- free ruira pajasile.- or Koeb’r 1 iidit'S--- 
an assumption which also received support- tVuin the iViet f liai tlu' resulls of exami. 
nation of Wood stapte. of infei-tirin were eoiiyktently riega- 

tivo. Three of the twelve bwllK ineniioncd above sliowed a definite rimction, an a 
result of the inject icm, after thr* iisuai inert bat ion period aial one of tliem even- 
tually ciiod after showing sympfoiMRofaente tlKileriaHis. Six animals showed a 
mild reaction lasting only for a day or two, whilst Hh* remaining three aninmls did 
not develop any aympt onis at all. All the ek ven surviving animals ywoved resist ant 
to thoiloriasis when tested by the inoeuintion of virulent blood about six wet'hs 
later. 


SUMMAEY AKB CONCLILSIO^S 

The acute or fatal forms of bovine theilerlasis in India resolve tliemseh-es into 
two weli-differentiatecl categories, as described btdow; — 

(1) Theileriasis inhnporled Friesian hnHs.— Thc diseasi* usually runs a chronic 
course with pericxls of pirohmged absnice of any clinical sji^inptoins, but it may 
Buddenly assume an acut(‘ form and rapidly ja-ogn'ss tu a fata! issiun The afua-ted 
animals exhibit an elevation of body iemjH-rature and somet inu's also symjjtoms of 
**pina’b wliilst the visible mucous membranes are often inarktally amumiie, al- 
though this last may sometimes he negligible Lachrymation and marked svoliing 
of the superficial lymphatic glands ar(> also fairly constant feutnrc.s of the diseaR^. 
The examination of blood smears frcup-iently shows only ran* or few parasite.s and 
Koch’s bodies, but in a proportion of eases tliey may occur in largo nnmbcrs when 
the disease is at its height, the majority of the paranites being round or oval in form 
and nearly 50 to 70 per cent of the red blood-corpuvscles being invaded by them. 
There is no solid or sterile immunity in this condition, but a state of premunition, 
and recovered animals viro liable to n‘!a])i'e. The rate of mortality amounts to 25 
to 30 per cent. The ontstandingfeatures of post-mortem appearances are an en- 
largement of the livor and spleen and the occu prence of petechiae in various organs. 
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The species of parasite concerned in this form of theileriasis possesses characters 
which are mostly identical with those described by dn Toit [1930 a\ for Theileria 
annidata, and all available evidence points to the conclusion that the infection is 
exotic in origin, the organisms being probably acquired by the animals during the 
course of their voyage to India. 

(2) Theilenasis in iTidian caitU —Thm condition, which forms the main, subject 
of the present paper, has been extensively studied in artificially infected bill bulls, 
the disease having been successfully reproduced in them by the inoculation of 
virulent blood and organ emulsions, although nearly 47 per cent of the animals 
proved refractory to the infection. 

The average incubation period in artificial infection is IG days, and in fatal 
cases the average duration of the disease is 6- 6 days, but when, recoverj?- occurs, it 
extends over a period of 4 to 17 days. The principal symptoms consist of an 
elevation of the body temperature, progi'essive inappetenee and an enlargement of 
the prescapular and preorural glands, whilst the visible mucous membrane of the 
eyes shows varying degrees of icterus and petechiae. In a number of cases, the 
temperature suddenly drops down to subnormal before death ensues, but when 
death Occurs early, the temperature remains high. The examination of blood taken 
at the first rise of temperature frequently reveals the presence of rare parasites 
and Koch’s bodies or both, but the parasites rapidly increase in number as the 
disease advances and may eventually invade 50 to 100 per cent of the red blood« 
corpuscles, although Koch’s bodies may vary in number from “rare” to 
“ numerous The parasites are usually seen as round forms, the “ rods ” being 
rarely encountered. The rate of mortality amounts to more than 75 per cent, 


The sequence of changes occurring in the blood of an affected animal has been 
found to furnish a fairly reliable indication as to its chances of recovery. In tho 
event of the prognosis being good, the first notioenblo ebange in tho blood picture 
is the occurrence of anisocytosis, this being followed by j)olychromatophilia and 
granular basophilic degeneration. 

The most constant post-mortem findings are a thill and watery character of 
the blood, oedema of the lymphatic glands and of the spleen and a gelatinized 
condition of tho body fat. There are petochiae of tho serous membranes and 
respiratory tract, whilst the abomasum may show characteristic ulcers. 


The parasites remain viable up to 96 hours at 21® — 22®C., and when stored 
in the refrigerator they lose their infectivity within six days. Blood showing 
large numbers of parasites and Koch’s bodies was filtered and the infectivity of 
the filtrate was tested on bulls, but the result was negative. The serum derived 
from such blood and treated in tho same manner likewise proved non-infeebive. 
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Twenty (irugs Avere tested, as to tlieir efficacy for this coiaiition. i 'Ut t he n'sujis 
were iinsatisfaetoiy. A short series of trials was also carried out to lest flu* vahu^ 
of premiin 3 tioii against the distaise aiid tiic resiilts; were eneoiiingiiJ.LL 

The species of parasite conceriied in this .form of iiifeetion presents, a 
resemhIaiKfc to Tlieikria dis^Ktr, as described by dn Toit [lllSba'j. 
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l2?TROI)t-OTIOH 

AiMON'U the various (liseaws wlsieJi ufTlid vourig foals ir\ tlie brordiiiig cstal)- 
iishmentH of Lidia, strni!|.;lt's, or pyo-scpiicn<'nu‘a duo to stro|dt)ooce«K, 

8, abartvs equi, BMytUa equindh, and BhclicrkMu coU, and jaieiunonia due io 
streptococci are 'vvcl! knoM'i]i, An examination of the Idfetory of foaling of any of the 
large breeding establishments rrill, however, usually roTi-al a number of other losses 
variously ascribed to caust‘S such as high-fever, piieriinoniu, suppressed strangles, 
colic, diarrhoea, bronchitis, pyaemia and debility, and it will be shown in this article 
that a large number of such eases, especially those (huioted as pncunioina occurring 
within the first V2 weeks or so of birth, are due to a specific micro-orgaiuBm, a pig. 
monted diphtheroid, namely 0{^^nt‘hactmi(m egni. ft is also probable that a 
largo percentago of easca known as suppressed strangk^s are flue t.o infection witli 
the eamo micro-organism, as the first fovi cases frfiTu wbicli imdcrial was auhinittod 
for Gxamiiuition, and from which knowldege was first obiainf'd with reg.'u-<J to tiio 
precise cause of the pneumonia, were fon^arded to us as possible cukc-k oJ'suppressed 
strangles. 


* Paper read before the Indian Science Congicss, Indore, 1936* 
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A tliorongh search into the current periodical literatm'e has shown that an 
organism identical with the one found in India has been previously incriminated in 
certain other countries as a cause of pneumonia in foals, although this has not yet 
been described in any text-books on veterinary medicine or bacteriology. This is, 
however, the first time that the oc'-eurrenee of this organism as the specific cause of 
pneumonia in foals has been recorded in India, or indeed in Asia. 

Magnusson [1923] "was the first to describe a pigmented diphtheroid in associa- 
tion with specific pneumonia in foals and he recorded 12 cases of its incidence in a 
breeding establishment in Southern Sweden. To this organism he assigned the 
name Corynehacterimn equi. Subsequently Meissner and Wetzel [1923], Lutje 
[1923] and Lund [1924] recorded its ineidenco in Germany. Outside Europe this 
condition has been described in South Australia by Bull [1924] and by Dimoefc 
and Edwards [1931] in America. 

Since 1921:, when this condition was first brought to tho notice of this Institute, 
a number of cases have been known to occur year after year in at least two of the 
horse-breeding establishments in the Punjab. At first it was thought that the 
condition was a form of strangles, for, among a batch of foals in a paddock, several 
became ill, and some cases developed tho typical siib-maxillary lesion of true 
strangles, while others developed into cases of pneumonia. Subsequent epide- 
miological observations and transmission experiments proved that the two condi- 
tions were quite distinct. Thus, pneumonic eases were known to occur during 
several seasons in which no strangles cases occurred : Out of a hatch of 16 mares 
with foals at foot which had been made up straight from the foaling boxes (i.e., the 
mares which foaled in the open wore brought into a loose box for about 9 days and 
then drafted into a paddock) into a fresh paddock in which there had been no 
animals for several months previously and which had had no history of strangles, 
eight foals went down with fever and pneumonia, none of tliem showing external 
signs of strangles. Strangles wms finally eliminated by reproducing the typical pneu- 
monia in young foals Avith Ooryncbacteriwm equi, wdiich had been maintained in 
subculture. 

Although the disease may occur through all tho seasons of the year, it will be 
observed from^ Fig. 1 that its incidence is highest in the >sumjner months. 


Seasonal imcidence 
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PLATE VIH 



1 Fui. 1. Foal No. 38(1. lufoctt'd l)r iiistillatioii of enlrni-o into tlio nostrils. 

0 Note the swellinu' of the lioek joints. 



Natural case of C. equi — pneumonia in a foal with juint lesion, off-hock 
(By courtesy of Major Binton.), 
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There would also appeal’ to be a definite age susceptibility to this disease. The 
writer had an opportunity to examine an extract of the history of foals bred in one 
of the infected breeding establishments, and here the average age at which death 
took place from pneumonia worked out a,t two months and six days. There were 
cases which died within one month of birth and rare eases which died at as late as 
7 months, but the majority of cases (60 percent) died between the first and third 
month of birth, wde Kg. 2. 

Oarne [1927] in Australia has described an atypical case of the disease in an 
eight-year-old mare. Here the chief lesion was located in the kidney in the form 
of a haemorrhagic nephritis, the lungs showing only a few pea-sized nodules in the 
place of the large abscesses that are found in the lungs in cases of the typical 
disease in foals. 

Symptoms 

The onset is marked by a low fever, which after a day or two may attain 104- 
105® 1?. or over. There is concurrently a watery discharge from the eyes and the 
nostrils. There is laryngitis with a sharp choking, dry cough. There is also 
snoring. The foal becomes very dull, its appetite is impaired and its pulse and 
respiration are increased. Occasional cases show symptoms of joint-ill (Plate YIII, 
figs. 1 & 2). Indeed, one of the cases that was forw'arded to this Institute had 
actually been destroyed for j oint-ill. The hock is the j oint that is usually involved, 
the swelling sometimes extending to the fetlock. Soon, symptoms of pneumonia 
set in with marked distress in breathing, which is of the abdominal type. There is 
a double-heave in expiration. Moist rales and crackling gurgling noises may be 
heard on auscultation. There is constipation followed by diarrhoea with pale 
yellow frothy faeces. The foal loses weight, becomes very emaciated and dies 
within 8 to 10 days, although occasionally death may not occur for 20 days after 
the onset of the symptom. In foals that were artificially infected by the intra- 
nasal route, the period of incubation was found to be from six to eight days. 

Post-mortem FINDINGS 

The carcase is emaciated. The ribs are prominent, and where Joint-ill is 
present, the hock-j oint contains slightly haemorrhagic gelatinous fluid. On open- 
ing the thoracic cavity, the lungs are found to be studded particularly in the middle 
and the right lobes, with abscesses of the size of a small pea to that of an egg or even 
larger (Plate IX, fig. I & Plate^^'^ cavities eontahi fluid 

or inspissated pus, which may emit a characteristically bad odour. The medias- 
tinal lymph glands are enlarged and contain huge abscess cavities (Plate IX, fig^ 2) . 
The mucous membrane of the intestines is congested and contams slimy frothy 
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Microphotograph of C. equi Smear from 
24 hours broth culture stained Leishmari. 
(X1200). Note the beaded appearance 
of the rods. 


Fig. 2. Foal No. 386. The anterior mediastinal Fig, 3. 
gland with abscesses. 




PLATE X 



Fig, 2. C. equL 36 liours’ growth in a petri-dish kept 
in. an upright position. Note tile inu(;oid 
nature of the growth, flowing down. 


Feg. 3. 0. equi. 48 hours' growth on agar slant. (.Irowth hiid begun to flow 
and gather at the bottom. 


„ Vo!. Vli, Part I 


. l. Foal No. 386. The lungs. 
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faeces. Histologically the pleura of the afiected Iimgs is seen to be infiltrated -with 
epitheloid cells. The interlobular septa, are considerably thickened due to fibrinous 
infiltration and newly formed thin-walled blood vessels. There is evidence of acute 
bronchitis and peri-broncliitis, the bronchioles containing numerous neutrophiles 
and cast off epithelial colls held together in a fibrino-inucin : extensive parenchy- 
matous destruction is evident between the lobules, tlie alveoli are collapsed and 
their walls arc infiltrated with neutrophiles and large mononuclears, the former in 
various stages of degeneration. The invading organisms are found almost every- 
where lying ill clumps, enclosed within peculiar giant-cell-like formations. It 
would appear that when these formations become very numerous in any part, 
then the lung tissue there undergoes necrosis and the softening of the necrosed 
tissue gives rise to the pus-like material in the large abscesses to be seen by the 
naked eye. In advanced stages where the entire lobule presents to the naked eye 
the appearance of a suppurative lesion, the histological picture presented is one 
of a mass of necrosed cells with large clumps of the organisms lying about. 

Bacteriology 

Corynehaderium eqm,MiQ causal organism, is recoverable in pure culture and 
sometimes mixed with other contaminants, particularly streptococci, horn the lung 
abscesses. ■„ 

The organism is a short cocco-bacillus with the axis straight or hlightiy curved. 
Many are found to be almost coccoid in tissue smears and in smears ffom solid 
media. They measure from 1 * 2 to i'S p in length and 1 to l*2p, in breadth. 
In liquid cultures they occur in comparatively longer rods. These may measure 
up to3 to5p, in length. Sides are usually parallel or slightly bulging, ends 
rounded. They occur in clumps in tissue smears and singly or in pairs in smears 
from broth culture. Some show a central or subterminal fusiform enlargement. 
They are non-motile and non-sporulating. No capsules were demonstrable by 
the Hiss’s copper sulphate method. It is gram-positive but non-acid fast. 
Stained by Leishman’s stain it takes, the basic stain, and is beaded. The beads 
may be 1>ipblar and in long rods from broth cultures, they may number as many 
a,s 4 or 5 ilislributc'd through the length of the rod (Plate IX, Pig . 3). The organism 
docss not take tlu; Ncisser’s stain well and no metachroniatio granules are demons- 
trable. 

On so'lul media, the colon ic'S are circular, about O' 6 to 1*2 mm. in 24 hours 
but grow considerably bigger by the 24th or 36th hour, measuring as niu<!h as 
6 mm. Thej^ raiss'd amor])hons and have a smooth .shining surface. They 
have an entire margin, are butyrous in consistency and are readily emulsified into 
a homogeneous (unulsion when jad)br.d down with wmter. In the first few days 
they are of a dull-fawn colour but later develop into a brick-red or pink colour 
(Plate XI). The organism grows abundantly in stroke culture, and is mucoid, in 
appearance, but it does not draw off into a thread when touched by a platinum 
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loop. Ferjsooii, witi}ia24to4SlitEii%:iliogroml!^ lirgia,- it* fluw ch.wa flu* inrlim* 
of till? agar 8Io|m:; a«cl giitlrcrs at the bottom ( Pfai u X, Fign. 1! & tJj, In .slab 
ciiltaixss gry\\lFi is c'Oiifiiied to 

Thf-re is a iiK».b'r.'ik']y gomlgwnvth in bruih fiulhtt . nbh ,-r;.;w' uibiisni tur- 
bidity, t^'hiyii suriUtiuR’K niort- iiiaiFtd in S la* iou la vj-i , 1 u. i- a r ligt.t iuip! r~ 

fact gi-anuhiv Miibu-f- ritig grcmib at tlio Jiaii-liin t'i tiisu s.uy ..ril bus a 
tfiidciH-y to (.‘liiul.i Ujttlu'Audl ol thv tubt' on thakiig. lo b oi (.<..i r tuihuis 
in flask.'-, isIuTuin ui'gratiuhir srom may bo soon ui!o\< tbij. uotnl ui. o. o\! r ib^ ,-ui- 
flico. Thore is a modorutoly abuiidatii jxwdcay dv|’<'-..r. \v];isi! lai--- c.u a, iaviu 
colour with ago.. The doposit disintegrates ain;o;4 i.'<ai;j>Ft« iy <rn .d^ddiig. Xh? 
spoeial odour is attiu-iiod to these cultures. It gru\\rt | uau.si \\ iu bluod rigar, Inii 
produces no hacmejlysis. 

— ^blio t>rg.‘uuan i.sldllt d by hf alirg a l! I It u?: bn-th i idho'- iu tbo 
water Lafh at hS® (!. idr one hour. 

J[rit'iholk prupirliefi . — Tiio organ, ism grcm.s be.-u acn.'biraiiv , asui n.tid.-ralt h 
utuhu' niioro-aertipiiiiic etnulitions. It. dt'u’.s not gj-uu uudt { .Oiaotthut' ot<?;di;u {o-. 
It forms a briek-rod to salnumpink coioratioJi on na u!;!. paiia ui.-.n;, uh n 
kept i‘Xj|M.wd fi/ iigjd. (Inmth on MKlium teduritc ag-o’ i,- bf-a U ia ri-bau'. No 
gj'owth is visible on n '^lac't 'unkey pjaK- iii i' 1 iioin>, hm h- is tun 2 i o fl tln \ isaiotif 
stre-pl oi.'oeeii.s-iii'a- tsfhusies {J*2 inV’Zn .inm. in disisaei- j make tla-is- sspp* .’ii-aijt r. 
ltdtX'sm>1 grow iis Kessiers' |Jh2r*] nu'diuia coiisais.isij' I le. 2(‘ i-t i.il!' isru- in 
25, GUO of gentian violet, nor dc«‘H it grow in ^iile’s [ilKlo j natsiuni t tausutiing 1 in 
50, OIK) of crystal violet. 

BiocJicmical reactions . — About 25 carbobwIniSes eosisi.sting of motue-sir-elui- 
rides, di-saccharidt-.s, tri-saceharidcSs poly-Sfsceh.'U'idt .s, ah ohnl--, ghji-eside,^- .and the 
benzoiit* compoitud ' Inosite * were tested for fs'iTfic-ni.atiojj with rr'gat ive results, 
litmus milk is not changed. It is M. 3i,, V. Jk, ijub.-h amuioni.-i. livdrfsgej; .-ub 
plride, and bl. .B.-redmstaae negative, uikI is posiiivc' far the s-ai.aiase test ssiid for 
nitrate reductioti. 

PATnOQEKlCl'jfY 

No toxin w^as demonstrable in the filtrab's. Tht: orgiutisui was not jsa ! higanic 
for Gidiioa-pigw and rabbits by the intraperitorn'isl, Ruheutanesum, iut ratraebcal and 

, two rabbits fed with 1r<‘s,h{v isolsib-d eultureH 
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equi : 4 days’ growth in agar plate kept in an upright position. Note the- 

pink colouration 
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It will be observed that young foals (z?./?., 88, 386, and 287) readily contraotod 
the typical disease with the characteristic lesions after infection both by the oral 
and nasal routes. It has been relatively difficult or impossible to reproduce the 
typical disease in older ponies by infection by any route, Nevertheless, it will be 
observed that two ponies, one after infection by the oral route (pony 93 ) and the 
other after infection by the intravenous route (pony 90) developed a slight but 
undoubted febrile reaction, and that a third pony, after infection by the intrave- 
nous route (pony 95) developed a suppurative arthritis in addition to the febrile 
reaction. Oorynehacterium eqni was re-isolated from the abscesses from the case 
of suppurative arthritis and from those of typical penumonia. The organism was 
also recovered from blood and faeces during life and from nasal mucosa, spleen, 
mediastinal gland and lung abscesses after death from foal 387, the only casein 
which all these were attempted. It is remarkable, however, that no agglutinins 
were detectable in the blood serum of any of the infected foals or ponies. 

An attempt was made to exalt the virulence of the organism by intra-pul- 
monary inoculations through rats in series, to see if they could be sufSciently 
exalted for the proiaotion of the typical disease in adult ponies, but no success was 
obtained by this means. 

Prevention 

The late Mr. Cooper of this Institute attempted to assess the value of vaccina- 
tion as a preventive for the disease. Only donkey foals about 6 months old were 
procurable, A oarbolised heated vaccine and a living culture that had been main- 
tained in subculture for a number of years were tried for their immunising proper- 
ties by subcutaneous inoculations. After an interval of 4-| to months the 
vaccinated foals and two control iinvaccinated foals were drenched with 1 litre of 
broth, culture sown direct from tho pus obtained from the lung of a naturally in- 
fected foal. The results are tabulated in Table III. 


Table ITT 


Donkey Poal 

No. and a«e at 
the time of 
comiiiK under 
experiment 

Vaccination 

Result of test for immu - 
nity. On 27t]i August 
1927, each animal 
wa.s drenched with 1 
litre of broth culture 
.sown direct from pus 
of a natural case 

Preparation and 
dose 

, 1 

No. and dates of | 
doses 1 

Reaction after 
vaccination 

43 

6| months. 

Livinu diptheroid , 
(C. eqiii) agar einul-. 
Sion (4S hours 
growth), 400 mill, 
per c. c. Subcut- j 
: aneous 1 c.c. 

5 in.fections month- 
ly from nth April 
1927 to 12th 
August 1927. 

Abscess from each in- 
jection. 

No reaction. 

46 

lOJ months. 

: Abscess 1st, 4th and 
5th injections. 

No reaction. 



Donkey l?oal 
No. and age at 
the time of 
coming under 
experiment 


44 

CJ months. 
45 

11 months. 


Vaccinati(,jii 

Preparation .and 
doao 

No. and dates of 
doses 

Ilcaction after 
vaccination. 




ICillcfi. 48 hours 
agar emulsion of 

0. equi 1000 mil- 
lions to a c. c. 
Subcutaneous 6 
c.c. 

6 injections month- 
ly between 11th 
March 1927 and 
12th August 1927. 

First dose was split up 
into 1 c. e. and 4 e. c. 

5 days later. Tempe- 
ra tiirtv disturbance. 
Fed fairly for 3 days. 
Abscess following 5th 
injection. 


tnrbancii following 
8rd injectiou. 


47 

1 year 1 month. 

, : — Uii vaccinated con- 

6() trols. 

Not ascertained- 


Pvesult oi test for inunu- 
nity. On 27fli August 
1927, each animal 
AVaa drenched with 1 
litre of broth culture 
sown direct from pns 
of a natural ease 


Immediate temporatoe 
disturhaiice and again 
after one week. Ifitli 
day fed fairly, distress- 
ed breathing and nasal 
discharge for 10 days. 


No reaction exci?pt for 
Blight temperature re- 
action between -fiyth 
and GOtli days. ^ 

No reaction except for 
slight tomperature re- 
action betw'aeh : the 
22nd. and 24th day*. 


It will be seen that the results are not cGncltisive, of retest 

even the unvaecinated control foals, along with the vacoiiiated, ones, failed to 
contract the d isease. This is probably due to the fact that the foals were too old. 
There is, besides, the question whether donkey foals are suitahle snl^ 

At one stud, wliieh has applied to this Instit;ute for advice, the ineidenco of 
this condition, at one time of common ocetirrence, has Ix^en greatly rediioOd since 
the introduction of hygienic measures for the control of contagious abortion and. the 
addition of suj)pIcmonts to the diet. Among these measures iwere included rot 
tion of grazing gi'ouiids and paddocks so that they come into use for a year only 
once in every five years ofeitliival.ion, the periodic use of lime, and the doing away 
with stables, so that foals and riiaie.s are in tluP open day and night 
the yiKiv from dale of liirtli. In addition inares with foals at foot are fed with 20 
drops of Tincture iodine every throe days. 

At the siigg(‘,slion of Capt. J. F. L. Taylor, R. A. T. C., foals dete 
first rise of temperature art' trcaitinl in some ot the iiiFectedestalilishnicntB with the 
intravenous injccl ion of 25 c.c. of a 1 per oenl i ohitioii of inerciuoclironie. repeated 
if necessary. In addition the patients art' treated with cough cdet.S'Uary and are fed 
with Tincture iodine in waiter. The nostrils are douehod with a soliitioii of 
potassium permanganate, Aluch success is elainied for this line of ircatinont, A 
statement showing the results ol treatment is attached ip Table I\ , 
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If may bo noted here that out of 37 eases treated, 18 are shown as having 
floYf-ioped spe-oitie symptoms of pnoninonia. Of these IS, fifteen had been cured 
by ado fUion of this line of trf^-atraeiit. Of the other 19 aubnals two were cases of 
bj'OUflutis, tv'o of diarrhe-est and the rest were cases of fever. How many of 
t iu/se ea se.s, if they had been unlr(‘ated, would have devrdoped into cases of specific 
pricuiuonifi is unknown. Although, at sight, the adoption of this line of treatment 
appears to be of Ixuiefit, in the absence of adequate controls, it is not possible to 
a.ssess its true vahui as a cure for specific pneumonia of foals, particularly as one 
ivimws that a, certain percentage of affected animals do recover without treatment. 

" Summary ' 

A pariita.Iar ibrm of piieumonia is known to occur with some frequency in 
c<!rtai.u breeding si uds in the Punjah, and the etiology of this condition, wdiich was 
thought to bo iden I ical with that described by Magnusson in Sweden, has been 
uuflcr investigaticn fur some time. 

The infection is generally confined to foals about one to two months old, and 
oecasioiially symptoms of joint-ill may be seen in addition to those of pneumonia. 
The mortality is high. Post-mortem examination reveals large abscess cavities 
in the lungs and the mediastinal glands. 

C'Q'ui, the causal agent, can be recovered in nearly every case 
in pur<% culture from the abscesses in the lungs and mediastinal glands, as well as 
from the faeces, sometimes from, the heart-blood and, rarely, from the joint fink 
of naturally as %voll artifieially infected cases. The cultural and bioohemical 
characters of this organism are described. 

It has been po.ssible to reproduce the typical symptoms of the disease by an 
intra-iuisal douche of a saline su-spension of the organism. Age, as in natural 
iinfuiorico, appears to be the chief factor in the artificial reproduction of the disease. 

Attempts were made to assess the value of vaccination and of treatment with 
iuci’cnrochrorno and iodine. The results wore inconelasivo for want of animals of 
.suitable ago in the fonner case, and for want of controls i]i the latter. 

Acknowledgments 

The late Mr. Cooper took much interest in the investigation of the etiology 
of lhi,s condition and part of the material included in this paper is from some 
valuable records left by him . I am indebted to Mr . J. E. Haddow for guidance and 
helpful suggestions and to Mr. V. E. Gopalakrishnan, Veterinary Inspector for 
as.siHtance in the execution of the work. I have also to thank Capt. Taylor for his 
permission to record the results of his method of treatment and to Colonel Cole for 
the supply of pathological materials and certain particulars. 



PNEUMONIA IN FOALS 


REFERENCES 



Bull, L. B. (1924). J. Comp. Paih. Ther. TJ, 294. | 

Came, H. R. (1927). DepL of AffHc- Neto SotUh Wales, S&i. Bull, No. 29> f 

V eterinary Besearch Report lAo. 3, p. 31. 

Dimock, W. W. and Edwards, P. R. (1931). J. Avrier. Vet. Med. Assn. 78 , 809. | 

Kessler (1926). J. Bact. 13, 47. ■ I 

: , ■ . i 

Lund, L. (1924). Deut. Tierartzl.Wchnschr. 32, 4. 

Lutje, F. (1923). Ibid 31, 559. \ 

Magnusson, H. (1933). Archiv. f. wiss. w. pralct. Tierbeih 59, 'I’i. I 

Meissener, H. and Wetzel, R. (1923). Dout. Tierartzl. Wchnschr. 31, 44Q. - 

Salle, A. J. (1930). J. Bao/. 20, 389. | 



the sulphur content OE some INDIAN GRASSES 

BY. ■ 

F. J. WARTH 

AND 

T. S. KRISHNAN, 

Animal Nutrition Section, Bangalore 
[Received for publication on 28th October 1936] 


On account of its possible bearing on wool production the question of the 
sul phur content of pasture grasses has received a considerable amount of attention, 
Aitken [1930], Evans [1931], Askew and Bishop [1933], Pollard and Chibnall 
[ 1 934] . The present short survey originated through an observation made in the 
course of other w'ork to the effect that grasses of the tribe Chlorideae appear to 
contain an unusually large amount of sulphate. We have carried out a series of 
analyses to test this point. Two types of material were collected and examined, 
viz., natural herbage and cultivated pure grass species. Natural herbage was 
eollected from four distinct types of land. In each place numerous small patches, 
1 to 3 sq, ft. in area, were selected and from each area all the specimens 
of the f predominant species were separated and prepared for analysis. 
Thus it' has been possible to compare the nitrogen and sulphur content 
of various grasses, without the interference of differences in soil and climate, 
as they were growing side by side in the natiual state. Some patches, especially 
those on richer and more moist soils, yielded five or six species while others, 
on arid land, yielded only two species. Altogether twenty such patches 
were sampled hotanically and the different species from. each patch were analysed 
separately for total sulphate and total sulphur by our omi method [Warth and 
Krishnan 1935], as well as for total nitrogen. In all about 150 samples were 
analysed. 

Samples of pure species were obtained from plots grown by the Animal Nutri- 
tion Section at the Bangalore Dairy. The sampling was done by completely 
harvesting a small area. 

ExPERI-MENTAL RESULTS 


1. Patches of natural herbage . — ^The full figui-es obtained are too numerous to 
be quoted here and will be used only for estimating average values. The five 
followdno- sets of typical data, (actual) given in Table T, in detail, illustrate the 
nature of the evidence obtained from patches of natural herbage. 
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SULPIlUIi COKTJiNT OF SOME INDIAN GRASSES 


Table I 


Nitrogen and sulphur content of various grasses growing side hy side in the natural 

state 


(Expresaofl as per cent on dry basis) 


Species of Tribe Chlorideae marked 

The figures show that amongst grasses growing side by side in tlio natural 
state, species of the tribe Chloridoac cojitain much more .suljjhato than is found in 
other species. The same fact is borne out equally clearly from a ll the other 
patches as well. 

2. The average nitrogen and sidpJiur content of different species. — The accom- 
panying table (Table II) is a summary of all our data obtained both from natural 
herbage and from cultivated plots, 


Area 

Grass 

patch 

.Name of grass 

Total 

sulphur 

. 

Sul- 

phate 

sulphur 

Orga- 

nic 

sulphur 

Total 
Nitro- 
- geii 

North 

No. 1 

Panicutn CrusffalU 

0-203 

0-076 

■ 

0-127 

2-080 

Dairy 


Panimm, jamniemn . 

0-198 

0- 060 

0-138 

2-226 

Plots. 


Diifitw-ia santjiiinalds . . . 

0-166 

0-043 

0-123 

1*790 



Afidropogon amivlatus 

0-I6S 

0-077 

0-091 

1-.356 



Panicum maximum . . 

0-120 

0-032 

0-088 

: 1-483 



Eragrostis sp. . . , . 

0-218 

0-01)5 

0-123 

1-641 



Ohloris barbata* . . . 

0-420 

0*289 

0-131 

1-921 

North 

No. 8 

Andro'pogon contortus . 

0-130 

0-069 

0-061 

0-823 

Dairy 


Andwpogon pertusus . . 

0-115 

0-045 

0-070 

1-117 

Plots. 


Ghloj'is barhata* . . 

0-400 

0-290 

0 - no 

1-419 



Digitaria ciliata . . . 

0-127 

0-062 

0- 085 

1-1S9 



Eleusine Indica* . . , 

0-286 

0-185 

0-101 ; 

1-274 



Eragrostis ap- . . 

0-155 

0-047 

0-108 

M.56 



Panicum maximwn . 

0-107 

0-038 

0-069 ! 

0- 956 

South 

No. 2 

Gynodon dactglon* . 

0-503 

0-345 

0-158 

9,. AO 4 

Dairy 


Gynodon dactylon* 

0-527 

0-393 

0- 134 

2-281 

Plots, 


Panicum javanimm . . 

0-205 

0-077 

0-128 

2-252 

South 

No. 5 

Panicum maxiimim . . 

0-168 

0-068 

0-100 

1-522 

Dairy 


Ghloris harbata* 

0-331 

0-21S 

0-113 

1-779 

Plots. 


Panicum javanimm . 

0-184 

0-069 

0-115 

1-751 

Military 

No. 1 

Andropogon perlusus . 

0- 137 

0-055 

0- 082 

1-180 

Grass 


A ndropogon contortiis , . . 

0-116 

0-044 

0-072 

0-908 

Farm. 


Ghloris harbata* . . . 

0-281 

0-180 

0-101 

1-078 



Cymhopogon sp. . . . 

()• 135 

0-058 

0-067 

1-222 



Eragrostis . , , 

0-171 

0-052 

0-119 

1-148 



Panictmijavanictim . . . 

, 


0-081 

„ . 
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Table 11 


Average mlj^kur cmitent of grasses. Per 700 paris irg plant 


Nauio of grasses 

■ ! 

; No. of ■; 
samples 

Total 

Sulphur 

1 

1 

Sulphate 

Sulphur 

Organic i 
Sulphur : i 

; ^ ! 

Total 

Nitrogen 

; Nitrogen : 
Organie 
Sulphur 

1 

Panicum criti^galli . , 

^2'' 

0-188 

0-059 

0- 129 

2-160 

j Ratio 

.. 17 

Paniacm iavameum . 

: . ■ . 7 ■ ■ . 

0-202 

0-068 

0-134 

2-167 

16 

Ptinict<m maximum , 

8 

0-123 

0-038 

0-085 

1-353 

1 / ''18 

Pemiesetum cenchroides , 

6 

0-196 

0-077 

0-119 

1-962 

r". ■ 16 

Andwpogon contortus 

6 

0*123 

Q-059 

0-064 

0-870 

i' ■ . ^ 14 

Afidrojjogon annulatus , 

■4. 

0-163 

. 0-083 

0-080 

1-157 

i , ■ ■ ■ 14 

Andropogon pertums . 

■ 1 ■ . 

0-115 

0-045 

0-070 

1-117 1 


Sorghum, milgare 

i 1 ■ 

0*137 

0-030 

0-107 

1-986 


Jlolmis sp, , , . 

'I / ■ 

0-245 ; 

0-031 

0-215 

1 - 502 ; 


Cymbapogon, . . . : 

1 ■ a ' 

0-106 

0-034 

0-071 

1-064 ■ 

15 

Arifttida sp. , , . 

i . 2 

0-120 j 

0-037 

0-083 

1-164 

14 

Eragrofiti'i Hp. . . 

b 

0-187 . 

' 0-007 

0-120 

1-396 

3 2 

UlLOdes grass . , , i 

(5 

0-234 

0-129 

1 0-105 

I 1-774 

17 

Eleushie coracana . , 

8 

! 0-405 

0-281 

1 0-124 

2-353 

19 

Ele^isinc IndicM- . , ^ 

I ■' 

i 0-286 

0-185 

' 0-101 1 

t 1-274 ' 


(Jhloris harhata 

8 

0-477 

0-359 

0-118 i 

! 1-704 

14 

Oynodon dactyjon . , ■ 

i 

■■ ■ ■ 5 ■■ 

0-562 

0-423 1 

■ i 

0-139 1 

2-228 

16 


The last 5 grasses bole mg to tlic tribe Chloridoae. 


l^rom file results given in Table II, it will be observed tbat the sulphate eontent 
of the cultivated grasses agrees with the results obt.ained in the ease of natural 
grasses, 

Tlie data do not rovoa I any other specific ditferonce.s in sul])hat c; content. The 
low value for Panicum rmxl'ivimi appears to bo characteristic of tin's specii'S, The 
average value recorded liero for this grass agrees with tlio figures obtained from 
inunerons determinations made by us in connection with other Wfuh, 

Tho organic sulphur is present, presumably, maitdy as iirotein sulphur, since 
it iluctuatcis with the nitrogen content, as tho above figures sliow. 

In view of the high sulphate values it is of considerable interest to enquire 
wluuhor the protein of the Ohloridcao is unusually rich in sulphnr. Tlie x'a.Iucs 
for tho nitrogen ; organic sulphur ratio indicate that there is no sign of greater 
richness of sulphur in the proteins of the (Jhloridcae. As tlie nitrogen values refer 
to the total nitrogen and the organic sulphur includes non-protoiu sulphur, tho 
above ratio is not an exact measure of protein sulpinir, hut as far as the figures go, 
they suggest that the proteins of the Chlorideae do not contain significantly higher 
amount of sulphur than those of other species. On the other hand it would seem 
that the proteins of Eragrostis may be somewhat richer in sulphur content, 

3. Disiribution of sulphate between leaf and stalk . — Tho data in Table III show' 
that the percentage of sulphate is higher in the stalk than in the leaf in all the 
plants examined except lueerne. 







Jt may be mentioned that this distrib ution can only be dcitermined if the leaf 
and stalk are separated at the time of harvesting. If the plant is allowed to dr^’ in 
air before leaf a nd stalk arc separated^ a largo amount of the sulpliate of the stalk 
is clrawni into the leaf. The following experiment illustrates this j^oiiit clearly. 

A sami)le of Guinea grass was cut, one part of which was air-dried before sepa- 
rating leaf from the stalk, and another part was separated and then air-dried. 

The distribution of sulphate between leaf and stalk as the result of the above 
treatment is given below 

SulpTiaie as grams sulphur /jer 100 grrns. dry plant 


Leaf 


Stalk 


0-029 

0-019 


0-037 

0-044 


SULPnUE CONTENT OF SOME INDIAN GIIASSES 

Table III 

Sulphate content of stalks and leaves of grasses. Sulphate expressed as grws. sulphur 

■per 100 parts dry gross 


Species 


Stalks 


Leaves 


Stage of matimty 


Partial drying before separating . 
Separating and then partial drying 


0-362 

0-390 

0-518 

0-231 

0-054 

0-051 

0-044 

0-026 

0-326 


0-147 

0-203 

0-199 

0-133 

0-023 

0-031 

0-025 

0-009 

0-275 


Lucerne 


Do. 


0-099 


0-199 


From the figures in Table III, it appears to be a general rule with grasses 
that the stalk contains more sulphate than the leaf. Luoeme apparently behaves 
differently, and we have another set of figures for the same plant, determined on a 
different occasion, which also corroborates the above results. The additional 
figures are, given. below . ' ■ 

Sulphate m grams sulphur per 100 grms. dry plant 


Stalk 

0-153 

0-124. 


Leaf 

0-219 

0-200 


Stalk 

0-136 

0-127 


flowering 
full flower 
dead ripe 
full bloom 
Do.. 

. Do. 
Do. 
Young . 
Full bloom 


Plot 1 


Plot 2 


Morning 

Evening 


Leaf 

0-237 

0-191 


Mluaine ooracana . . 

Do. . . 

Do. 

Rhodes grass . . 

Andropogon contortus . 
Penmsetum cmchro'ides . 
Panicum maximum 
Sorghum vulgare . 

Cynodon dactylon . 
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Summary 

Amongst grasses growing side by side in the liatnral state, it was found that 
s})ocies of the tribe Chlorideae contain more sulplmte than is present in Other species. 
There w’^as no corresponding excess of sulphnr in the proteins of these species. 

The stalks of grasses contain more sulphate than the leaf. In lucerne, the 
’"reverse is true. 
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Is THEBE A EELATIONSHIP BETWEEN THE VIBUSBS Of 
BINDBBPEST AND DOYLE’S DISEASE ? 


V. B,. EAJAGOPALAN, G.M.V.a, 

Assistant Veferinarp BesearcJi Officer, Imperial V eten-ncmj Bescarcli Iristiiute, 

MuMesar. ; ■ 

[Received for publication on 22nd December 1936] 


It was suggested by Kylasam Aiyer[ 19811 that a relationship exists between 
the Madras Fowl Pest virus (Boyle’s disease virus) and the rinderpest virus. If 
this were substantiated it would lead to far-reaching developments. It was, 
therefore, decided to verify the correctness of tliis supposition. Mr. Ware, the 
Director of this Institute, laid down the outline of the work to be undertaken in 
this connection and the experiment was completed during 1931 « As no further 
communication has since appeared on the subject either in support or against the 
above statement, it is now considered desirable to record the results obtained at 
this Institute.,' 

The two most reliable methods of establishing identity of viruses are by cross- 
immunity tests and serum -virus iieutralisatibn tests. It was decided to attempt 
only cfoss-immiinity tests for this preliminary investigation. 

The plan of the experiment was as follows 

(1) To accommodate two healthy susceptible hill bulls in experimental 

c/rM-ppers and inject them each with recently tested virulent Doyle^s 
disease virus. At the same time two susceptible fowls would be 
injected with the same virus to prove its potency. 

(2) To accommodate three healthy fowls— birds which have h(?en remain- 

ing in a healthy condition at Muktesar for at least some weeks — in 
an isolated shod and to inject them with O’ 5 c. c. of a good hill 
bull strain of rinderpest viriis. At the same time two bulls would 
be injected with 5 c. e. of the same virus to prove its potency . 

(3) If a rea ction occurred after injection of the viruses, then sub*inoeula* 

tions would lie carried out as follow.s - 

(а) If the cattle reacted, blood would bo drawn from them and injected 

into two healthy hill bulls and two healthy fow’Is. 

(б) If the fowls reacted mouth washings and blood would be taken and 

injected into two fowls and two hill bulls for each material. 

(4) If no reaction occurred, or any arsimals survived the inoculation for 

10 days, then they would be tested for immunity giving all hill 
bulls rinderpest virus and all fowls Boylo’s disease virus. 

59 
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The EXPERIMENT 

l.—To test if Bo'tjUs disease rise rinderpest in biiM 

n "Three Indian strains of Boyle’s disease virus were available. They had been 
' stored ill the refrigerator in the form of organ pulp since 11th May 1931, llth May 
1931, and 20th May 1931, respectively. The strains dated llth May 1931 had 
been inoculated into fowls on 23rd May 1931 and found to be virulent. 
These three viruses were mixed and used for inoculation in connection with this 
experiment on 26th May 1931. Two susceptible hill bulls, Hill Bull 63 and Hill 
Bull 111, were each injected subcutaneously with 15 e. c. of a thick emulsion. 
At the same time two fowls, Fowl 20 and Fowl 21 were injected subcutaneously 
with 5 c. c. of the same emulsion, to servo as controls for the viability of the virus. 

The two fowls used for control died of Doyle’s disease on the 29th and 30th 
respectively of the same month. The virus was, therefore, potent. 

Of the bulls inoculated with the Doyle’s disease virus, Hill Bull 63 showed no 
reaction nor did it acquire any immunity againrst rinderpest as judged by a subse- 
quent rO“test 10 days later. But the other bull. Hill Bull 111, showed a sharp rise 
in temperature on the 4th day after the inoculation, and sub-inoculations were 
carried out from it. Fresh whole blood was used. Two bulls, Hill Bull 80 and 
Hill Bull 272 were each injected suhcutaiieou.sly with 5 c. e. and two fowls, Fowl 25 
and Fowl 26, were each in jected vith 2 c. e. by the same route. 

The sub-inoculated bulls developed no reaction and were also shown to be 
subsequently susceptible to rinderpest when re-tested 11 days later. This points 
to the conclusion that the l)lood drawn from Hill Bull 111 contained no ^drns tliat!] 
will give rise to rinderpest in lulls. Further evidence pointing to the same con- 
clusion was obtained when Hill Bull 111 itself was submitted to a rc-tost with 
rinderpest virus on the llth day after inoe.ulation with Hk* Doykfs diseaKC virus. 
It developed all the classica,! symptoms and lesions of rinderpe.st and died of it. 

Of the fowls sub-inoculated from Hill Bull 111, Fowl 25 died on the 5th day, 
but as it was decided not to conduct any further sub-inoculations in this preii- 
minary experiment, it cannot be affirmed with certainty as to the actual cause of 
death. There was a coincident helminthic infection and the probability is that it 
did not die of Doyle’s disease. This is borne out by the fact that its pair, Fowl 
26, did not develop any symptoms at all and was found to be subsequently 
susceptible to infection with Doyle’s disease virus when tested 10 days later. 

The results of this part of the experiment are presented in tabular form in 
Table I. 
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This shows clearly that Boyle’s -disease Yirus neither gives rise to rinderpest in 


lI,~--To te6i if rinderpeM vime mill give rise to JDot/le^s M — 

jDefihmiatod rirnicnt blood was obtained from a hill btill virus producer at the 
height of the therniai reaction on the 4th day after iriocnlation. The donor of the 
virus, Hill Bull 14, later developed the typical symptoms and lesions of rinder- 
pest, including diarrhoea and vesicles. Three fowls, Fowl 22, Fowl 23 and Fowd 24 
w’^ere inoculated each with 0* 5 c. c. At the same time two hill bulls. Hill Bull 115 
and Hill Bull 49 were each injected with 5 c. c. of the same blood to serve as con- 
trols for the viability of the virus. These bulls de^'oioped the typical thermal re- 
a ction and diarrhoea of rinderpest and were found to Lave Leon rendered mimime on 
a subsequent retest with rmderpest virus. The virus fiom Hill Bull 14 has thus 
been shown to have been viable. 

Of the three fowls iuo<axIated above with the rinderpest virus, Fowd 23 and Fowd 
24 showed no reaction wdratever. It was also found that the rinderpest inocnla- 
tion had conferred no immunity on them against Boyle’s disease, for, wdien re- 
tested 10 days later they succumbed to the inoculation. The third fowd, Fowd 22, 
however, developed a sligJit thermal roaedion and constitutional disturbamies 
snch as dullness and inappetence on the 4th day after the inoculation. tSiib-in- 
oculations were caxried out from this fowd wdth the mouth washings and blood using 
hulls and fowls for both tlie materials. 

The mouth w^asbing w^as inoculated subcutaneously into Hill Bull 229 and Hill 
Bull 233 at 5 c. e. each and into fowTs, Fowl 27 and Fowl 28, at 3 c. c. each. Hill 
Bull 229 and Hill Bull 233 did not develop 0113'- reaction and w-'orc found to be subs('- 
quently susceptible to rinderpest when retested with rinderpest r irus 10 days later. 
Fowls, S’. 27 and F. 28 became dull, fed fairly and had soft faeces, but regained nor- 
mal heaJtli eventually. They were proved to have tkwxdoped no immunity against 
Doide’s disease virus, for when they were tested 10 days later wdth Boyle’s disease 
virus, they developed the clinical symptoms of Boyle’s disease and died. This con- 
clusively show’s that the ailments of F. 27 and F. 28 followdng the inoculation of 
mouth washings from Fowl 22 was not attributable to Boyle’s disease. 

The whole blood from Fowl 22 was injected subciitaneoulsy into bulls, Hill Bull 
248 and Hill Bull 312, at 5 e. c. each and into fowls F. 29 and F. 30 at 3 c. c. each. 
Hone of the hulls showed any reaction followdng this inoculation and among the 
fowls only F. 29 had slight constitutional derangement. These animals were 
retested for immunity 10 days later. The bulls wxrc found to be susceptible to 
rmderpest. The fowls were found to be susceptible to Boyle’s disease and they 
died of the test inoculations. 

These, results are presented in tabular form in Table II. 
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The diagnosis oi mastitis. Stabr, L. iB., Prescott, T-. H., and Htjffmait, 
J. (1936). /J. i4mef. Fe^- ifed. ■ 

Based on experience of the systematic examination of a dairy herd, the authors 
draw conelusiGns on the eompai’ative value of various recognised tests for the diagnosis 
of Ijovine mastitis. The following are the tests considered:— , 

(1) Physical examination : Each quarter of the mammary gland is examined by 

mamial manipulation. The consistency, size, weight, symmetry and the 
presence of induration ox’ of fibrosis are noted. 

(2) Moalc’s strip cup test: The cup consists of a metal container over which 

a 100-120 wire screen (or black cloth) has been incorporated within a 
concave cover. Clots or flakes in the milk are caught in the mesh of the 
wire or cloth, where they can be readily noted. 

(3) Jensen’s brom cresolqnxrple test; P’ilter paper impregnated with 0*1 per 

cent of the dye, dried at low temperature aixd cut into pieces of 1| in., 
by in, are used. 'iPwo or three drops of milk from the end of the teat 
is placed on the l)ap6r and the results read immediately. A groen-tau 
colour indicates a nornxal quarter and a deep purple a diseased quarter*. 

(4) Hayden’s Chlorine test; Five c. c. of silver nitrate solution {1*3416 grm. 

to 1 litre of distilled water) is measm'ed into a test-tube. Two drops of 
a 10 per cent potassium chromate solution is added, which prodixces a 
brick-red colour. The appearance of a yellow colour on addition of 1 
c, c. of milk indicates a positive reaction. 

(5) The catalase test of Bossel and Miller : Ordinary glass slides are pauxtod on 

one side xvith black enamel ixaiixt. A large droj? of the milk sanaple is 
placed on the mirror surface and one drop of 10 per cent wxvtei’y hydrogen 
peroxide is added. The appearance of bubbles in the drop indicates 
infection. 

(6) Hydrogeix-ion concentration test: 0*5 c. o. broimthymolblue is used as an 

indicator in 9' 5 a. c. of neutral distilled water to which 0*6 c. c. of the 
milk sample is added. The pll is road off by use of a Holloge comparator. 
A pH ahovo 0*8 indicates abnormality. 

(7) Hadk^sy’s Rennet test : A solution of I'ennet is prepared by mixing one part 

of fresh cheese-maker’s rennet to 60 parts of distilled w'ater. One-tenth 
c. 0 . of the solution is added to 10 c. c. of the freshly drawn sample. The 
mixture is thoroughly shaken and allowed to stand at room temperature 
for one hour. Milk which does not coagulate within the first hoxxr is 
considered to he abnormal. 
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(8) Bacteriological examination : Plate counts and examinations for signifi- 
cant micro-oi’ganisms are made. 

CoiToIating the results, the authors draw the conefiision that : — ■ 

(a) physical cxaTnination in conjunction with the broincresol -purple test com- 
pares very favourably with other methods of diagnosis. 

(&) the strip cup and rennet tests are simple and reliable for use by the dairy- 
■ iDan. 'r 

(c) the Chlorine and Gatalaso tests are very sensitive so that thej'’; can be used 
only as laboratory jirbeedures. ' ^ 

(f?) the pH of the milk is not reliable as a diagnostic agent for mastitis. 

(c) bactorioiogieal examination is too complicated and expensive for routine 
control of mastitis. (V. R. R.). 

The role of nutrition in prevention of disease in farm animals. Fraser, 
A. H. H. (1935). Nntr. Ahs. S Hev., 5, 2, 295. 

Malnutrition may not only produce deficiency disease directly ascribable to a 
nutritional cause but may render an animal more susceptible and less resistant to the 
attacks of bacteria or protozoa or parasitic worms producing endemic or epidemic 
disease. Nutritional science provides an adiiitional means of disease iwevention which 
in the near future may play an important part in maintaining health, increasing produc- 
tion and decreasing cost in live-stock fanning. Proper nutrition for the dairy heifer 
calf is not only nssential in order to get healthy cows yielding wholesome milk in large 
quantities, but is also economical because otherwise the majority of cows will be sold 
from the byres on account of sterility, mastitis or tuberculosis before they have reached 
the ago of maximum milk production. 

Phosphorus deficioncy of pasture is the limiting factor in animal ]iU’oduction over 
large areas of the world, and where cereals and oil cakes are extensively used in more 
intensive .system of farming, calcium deficiency is liable to occur. It is jirobablo that 
a great deal of the disease attributed by practical men, to forced production and high 
feeding is in reality due to an unrecognised latent deficioncy in diet. The importance 
of iodine and iron in goitre and pining districts respocirimly is proved, although the 
deficiency of these minerals is not hkely to be the sole cause of these conditions. An 
uncomplicated deficiency of calcium in pasture has not been reported but it is usually 
always associated with that of phosphorus and probably other elements. 

It seems that wild herbivora and native breeds of cattle are not so liable to mineral 
deficiency aa the imported breeds of high fertility, rapid growth and heavj' -milking 
type, because such functions require more phosphorus than the natural pastures of a 
large area of the world can afford and thoreforo the improved breed.s may die, lose type 
or revert to scrub under less favourable conditions. A cow yielding 1,500 gallons in 
a lactating period will excrete a stone of lime in its milk alone ; a 4 lb. hen laying 260 
eggs a year will excrete oyer 3 lb. of lime in the egg shell alone. Thus tlie modern high- 
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producing farm animal has unnatural nutritive requirements and the ordinary fai’m 
ration is too often a mere compromise between imperfect nutritional knowledge and 
economic expediency. 

Progressivo depletion of minerals in pasture lands exerts quite an apparent in- 
fluouoG on the general well-being of the stock resulting in conditions like ostoophagia, 
dela,y(!d maturity &c. Spoaldng generally, tho balance between the potential produc- 
tivity of a breed and the natural fertility of soils is a main factor iuflneiicing the distribu- 
tion of different breeds of domesticated horbivora. 

Tlio mineral deficiency can be combated by supplying the deficient mineral element 
in adequate amount either by direct feeding or indirectly through crops by manuring 
the soil. 

Vitamins, unlike minerals, may be synthesised by tbo animal body from precursors 
in the food, and its requirements may and do vary between closely related species. 
Vitamin deficiencies, as a cause of dis<'aso, ai’o of compamtiv'-cly minor irnportanco in 
all farm stock, unlike laboratory rodents and human beings and can be ignored iti tho 
case of grazing herbivora, but the nearer the conditions under which farm animals are 
kept to those of the laboratory tho more evident the need fox* vitamins becomes. 

If the animal is to leave no progeny, then production in dairy cows, bacon pigs and 
laj,dng hens can be safely forced to its ultimate limit by the aid of concentrated food, 
but where an animal is to be used for breeding then it should be fed as nearly as possible 
on its natural food, and it is highly probable that there may be imdiscovered food 
factors in natural foods such as grass and milk which are of importance in live-stock 
feeding. Based on the results of a number of natimal immunity tests on grazing 
sheep, Anderson and others suggest the presence of a property in growing grass, which 
has an influence on the defensive mechanism of the animal’s tissues. (B. L. K.) 


AUantoin, a constituent of maggot excretions, stimulates healing of chronic 
discharging wounds. Robinson, W- (1935). J. Parade, 21, 354-358. 

A noticeable feature in the maggot therapy of infected wounds is tho rapidity of 
tho healing imocess, aiul diis seemed to tho author to lie suggestive of the fact that 
maggots do not merely feed upon necrotic tissue and destroy bacteria but that they 
also excrete into the wound some substance which is endowed with special curative 
properties. Investigation sliowed that this substance was allantoin, wlxich not only 
oecui's as a constituent of maggot excretions, but is a component of urinary secretions 
of lower animals and is also distributed among plants, where it is found cliielly in the 
embryos of seeds. 

For extracting allantoin, tho author placed several thousand nearly full-grown 
maggots in glass funnels stoppered with cotton. The maggots were occasionally 
sprayed lightly with water to facilitate excretion and drainage and the excretions were 
collected in beakers. From this liquid, allantoin was separated as a crystalline 
substance and its identity was confirmed by comparing its melting point and 
crystallographic properties with those of an axithentic sample. 
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la his actual therapexitic experiments, however, the aiithor used a 0 • 5 per cent 
aqueous solution of commercial allantom, this being applied daily to the wounds m the 
form of soaked gauze dressings. ; The efficacy of this remedy was partreularly tested 
upon chronic non-healing wounds with unhealtliy inactive tissue, and in all such ca^s, 
small areas of pinkish granulation tissue could be seen growing m the wounds after 
the first few applications. The treatment was painless and inexpensive. 

The author, however, does not claim that allantoin treatment can be entirely 
substituted for maggot therapy, in view of the fact that maggots play a definite role 

by removing dead tissue and pus-forming bacteria, [fe. K. fe.] 


NOTE 


Fofeth Intbefational Gbassj^and OONGEESS. 


The Fourth Ijitcrnational (h’af^sJatKl Cougros; 5 is to bo }ielcl in Great I>ritaiu in July 
1937, under the Presidency of. Proles, sor Jt, G. Stapledun, G..B-K.} AI.A., Director of the 
Welsh Plant Breeding Station and the Iinporial Bureau hn- PIcrbage Plants, Aberyst- 
wyth, Wales. The previous Co'ngresse,s in this series have been held in Europe and mem- 
bership was more or less confined to European members, but delegates will come to 
this Fourth Congress from Great Britain, the British Dominions and Colonies, U. S. A. 
and numerous other countries members of the .International Clrassland Congress 
Association (Central Office in Leipzig, Germany). 

The paper-reading sessions wdil be hedd in Abery.stwyth from July 13th to 19th, 
but intending participants w’^ill be able to join in a tour ot centres of grassland, interest 
and selected fanns both before and after these session.?. The tour will bo made partly 
by motor coach and partly by rail. 

Delegates can choose one of the following options : — 

(1) Attending paper-reading sessions and local Aberystwyth 

tours only ...••••* 

(2) Assembling at Oxford, proceeding via. selected centres of 

grassland interest to Aberystwyth and participating in 
s&sions.aiid looaltours , . ■ V', ^ , >„ 

(3) Attending paper-reading sessions and local tom’s, and 

proceeding from Aberystwyth to Newcastle, and Edin- 
burgh,, where disperse .■ , . - V ' 

(4) Assembling at Oxford, proceeding to Aberystwyth, attend- 

ing paper-reading sessions and local tours, and proceed- 
ing thence to Edinburgh, i.e., the wJiole tour, of which 
options, 1, 2 and 3 are only parts . . 

The tours have been so arranged that partieipants will have an opportunity to 
see something of Bi’itish grassland fanning, i.neludhig live-stock management, over 
as wido a fange as possible. The limits of what can be done ha.vo been set by tiio amoimt 
of time available, and the obvious necessity for ciirtailing charges to delegates. 

Special addresses will be given on certain evenings during the course of the 
tour, when matters of general interest emanating from the tours will be dealt with. 
These addresses will be given at Oxford, Cirencester, Aberystwyth and New'castle. 

Approximate quotations are now given for the cost of the tours. Participants 
selecting option (1) will be expected to pay the Congress Fee of two pounds (sterling) 
but to find their own , accommodation in Aberystwyth. A list of approved hotels, 
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13—19 


8—19 


13—23 


8--23 
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hostels, etc., in Aberystwy^^ the neighbourhood can bo obtained from the : Joint 
Secretaries, The charges for the other three options are ns 

Opfmn ( 2). —Transport and accommodation in colleges where possible £11. Hotel 

accommodation can be provided at £13 per bead. 

OptMm {3).— Transport, and accommodation in colleges wherepossible £11. Hotel 

accommodation canbe provided at £13 per head. 

Ofdion id).-— Tho comiJete tour. Transport, and accommodation m colleges wheie 
possible £18. Hotel accemmodation can he provided at £21 per head. 

Alternative rates can he quoted for those intending to provide for their own ti ai.s 
port on tour. 

As already stated the Congress Fee for the Fourth Congress is two pounds sterling 
which will entitle members to attend all sessions and to receive the prmted transac. 
tions, including all abstracts in advance of the Congress meetings, and any other inci- 
dental matter relating to the Congress. The Congress fee for wives accempanymg 

members will he one pound sterling and win admit to full momhership m wi no 

entitle such members to receive a copy of the transactions. 

Tha paper-reading eeasiom to bo liold in Aborjnjtwytli trill bo divided into three 
plenary and two sectionalized sessions. The sectioiudized sessions mil oeai mtli the 

following aspects of the grassland problem. 

(1) Ecology (including stnweys), pasture and range management (including 

erosion control). 

(2) Seeds mixtures (including lucerno for grazing) ; legumes for use in poor 

pastures. 

(3) Plant breeding, genetics, and seed production. 

(4) Manures and fertilizers. 

(5) Nutritive value of pastures ; fodder conservation. 

(6) Grassland economics. 

Ah particulars regarding the acceptance of papers and dates for receipt of abstracts 
and paper manuscripts may bo had from the Joint Secretaries, Agiicnltural Buiklmgs, 
Aberystwyth, Great Britain, to whom requests for the Preliminaiy Programme ar.d 
application form for membomhip and all other correspondence regarding the Congress 
should I'-e addressed. ^ ^ ^ ^ 


AFPEHBIX 


INSTRUCTIONS TO authors OF PUBLICATIONS OF THE IMPERIAL 
COUNCIL OF AGRICULTURAL RESEARCH'^ 

1 . All manuscripts should he clean, clear and, carefully revised. Only one side 
of the paper should he used, and as far as practicable the original type- written 
copy and not a carbon copy should be sent. Capitals should be sparingly used, 
and all the necessary punctuation should be done in the MS. and not left for 
introduction in proofs. 

2. The title of a paper should not be lengthy. 

3. It is desirable that the MS. should have suitahle heads and sub-heads. In 
numheriiig the principal divisions of a paper roman numerals should be used. The 
use of arable figures and (a), (d), (e), etc,, is generally reserved for ntjmberiiig the 
sub-divisions coming under each head. 

4. Articles submitted for publication either in the Indian J'oumal of Jgricul- 
tural Science oi in the Indian Journal afVetermary Science and Animal Hns- 
handary should be accompanied by abstracts for publication in Aqncnlinre and 
Live-stoch hi India--: Abstracts should be concise, but should be long enough to 
explain the matter dealt with ; ordinarily no abetraet should exceed 200 words, 

5. When a word or line is intended to be printed m italics it hIiouIcI be under- 

lined with a single line, in sm. cap. with two lines, in CAPITALS with Ihrcc lines, 
and when in Antique (heavy type) wdth a wav}" line (— 

6. In descriptive matter, numbers under 100 and all numbers occurring at the 
beginning of a sentence should be in words. 

7. Local names for croj)S, technical operations, etc., should ho defined where 
they first occur in the text, e.g., rabi (spring crop). The use of local weights and 
measures should bo avoided as far as possible. Vernacular names, such mjowar^ 
bap'i, should be in italics without a capital letter, and each such name where it first 
occurs should be follow^ed by its scientific equivalent in brackets, e.gr., jouar 
(Andropogon Sorghum). It is usual to W'rite the initial letters of varietal names in 
capitals, e.g., Striped Mauritius, Dharwar- American cotton and broach cotton. 

*SparG copies of the-se Instructions can be had on application to the Socretary, Imperial 
Council of Agricultural Research (Publication Section), New Delhi, 
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8. BotanicaJ aud zoological names are printed in italics and should he under- 
lined in the MtS., c.g., TriHcum, vulgare L. ; Diphdia Gorcliori Syd. ; Pyrilla 
aherrans Kii'hy. The International rides of Botanical Nomenclature and the Inter- 
national rules of Zoological Nomenclature should he followed. The names of 
chemical substances slsould .not be ivritton u'ith a capital letter ; tlu\y are printed in 
roman type (e.f/., calcium carbonate, prussic acid). 

0, The following and similar abbreviations may be used freely :— viz., e.g., i.e., 
mm. (millimetre), cm- (centinietre), grm. (gramme), mg. (milligramme) c. c. (cubic 
centimetre), sp. gr. (specific gravity), lb. (pound), cwt. (hundredweight), in. 
(inch), ft. (foot), oz. (ounce), md. (mauiid), sr. (seer), ch. (chhattah). Other abbre- 
viations should be used sparingly, if at all. 

10. References to plates should be given within brackets, w ithout prefixing the 
word “ see ” or “ cf. ”, in the MS. itself, and shoiddnot be left over for introduction 
in proofs. For example, “ The parasite (PI. X, fig. 4) was present late in 1906 

11. The wmrd “ Table ” is preferable to “ Statement ”, and tables should bo 
numbered consecutively in roman figures. Each table should have an explana- 
tion as a sub-head. It is more convenieiit for reference if tables can be printed hori- 
zontally ; for this purpose they should not exceed in width the printing measure 
of the page (5"). Example — 

Table IV 

Results of vxtier-saving experiments on wheat (Piisa 12) at Gungapur, Bari pur and 

SargodJia, 1916-17 




Yield per acre in 
manndB and seers 


Average yield per acre 


No., of ; ’ ^ ^ : 

irrigations in- ; 
eluding the i 
preliminary ! Grain 
watering i 


Station 


Grain 


Straw 


Straw 


Gungapur 

PJaripur 

Sargodlia 


12. References to literature, arranged alphabetically according to authors’ 
names, should be placed at the end of the article, the various references to each 
author being arranged chronologically. Each reference should contain the name of 
the author (with initials), the year of publication, the abbreviated title of the publi- 
volume and page. In the text the- reference should be indicated by the 
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author’s name followed by the year of publication enclosed in brackets; when the 
author’s name occurs in the text, the year of publication only need be given in 
brackets. If reference is made to several articles published by one author in single 
year, these should be numbered in sequence and the number quoted after the year 
both in the text and in the collected references. This system of referencing is 
used in the Biochemical Journal with slight modidcation, and will be clear from 
the followingillustration ;--- 

The work of Osborne and Mendel [1919, 1, 2] and SteenTbook and Bontwell [1919] bad 
indicated an association of the fat-soluble vitamin with the green parts of plants, This view 
was examined hy Coward and Drummond [1921], who reported that vitamin A was not 
synthesised by etiolated shoots but tliat green leaves were active in its formation. Anothw 
worker [Wilson 1922], on the other hand, found that etiolated shoots if given in sufficient 
quantity could supply the fat-soluble vitamin and that this factor was therefore formed ia 
the absence of light. 

REFERENCES. 

Coward K. H. and Drummond J. C. (1921). Biochem, 

Osborn© T. B. and Mendel L. B, (1919, 1), J". BioL Chem. S'?, 187. 

(1919, 2). J. Biol Chem, 41, S49. 

Steenhock H. and Boutwell R. (1919). J. Biol. Chem. 41, 149. 

Whson J. (1922). J. BM. Chem. 51, 455.^ ^ ^ 

Abbreviations, as far as possible should follow the system adopted in A 
World List of Scientifio Periodicals ’’ published by the Oxford University Press. 

13. Papers should he coinplete when submitted for publication. As altera- 
tions and additions at the proof stage cause both additional expense and delay, 
they should be resorted to as little as possible. In making corrections in proofs 
the recognised symbols which will be found in the “ Standard Dictionary ” should 
bo used. Second (page) proofs will be submitted to author.s who .should return 
them promptly. 

Illustrations 

14. As the /omai of the journals has been standardized, the .size adopted 
being crown quarto (about 7|'’x 91" cut), no text -figure, when printed, should 
exceed x 5 inches. Figures for plates should be so planned as to fill a crown 
quarto plate — the maximum space available for figures being 5|x8 inches exclu- 
sive of that for letterpress printing, 

15. Photos or drawings for illustration should accompany the manuscript and 
each should bear on the reverse side the name of the paper to which it relates 
together with the title or legend, figure or plate iinmber, and the size to be repro- 
duced. When giving instructions for reduction linear measurements are under- 
stood ; thus ‘‘ half-size ” means reduce to half the length and breadth, not half the 
area. A photograph should not be rolled up, nor pinned, and should always be 
packed fiat. A complete list of plates and figures should always accompany 
the paper. 
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18. Line drawings should be made with clear black lines on smooth white 
paper, preferably Bristol board. Rough paper should be avoided. Care should 
bo taken that all the lines are drawn firmly ; scratchy or grey lines, produced by the 
ink being thinned down, are not permissible. Drawings should be larger than the 
required size. All lettering should be neatly and clearly put in, care being taken to 
inake all lettering sufficiently largo to stand reduction. 

17, For half-tone work copy should be made on glossy silver paper and of the 
same size or larger than the size required. 

IS. For three-colour work, copy may ho oil painting, w'ater-colour, coloured 
photograph or coloured transparency, and larger than the size required. In pre- 
paring copy, one should use only the primary colours, in any combination, as only 
inks of primary colours arc used in printing. Originals can be enlarged, if neces- 
sary, but this should be avoided if possible. 

19. For detailed instructions regarding preparation of illustrations, it would be 
of advantage to refer to Mr. C. M, Hutchinson’s article on ‘‘ Photographic Illustra- 
tions” in the Agricultural Journal of India, Vol. XI, Pt. 3, July 1916, and Mr. A. W. 
Slater’s paper on “ The Preparation and Reproduction of Scientific Illustrations” 
in the Proceedwgr.v of the Third Entomological Meeting 1919, wdiich has been 
reprinted as Bulletin No. Ill of the Agricultural Mesearch Institute, Pusa, 
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ORIGIMAL ARTICLES 


GENETIC PRINCIPLES AND THE PROBLEM OE GROSS- 
BREEDING FOR MILK YIELD IN INDIAN CATTLE 

BY 

J. B, HUTCHINSON 
Institiite of Plant Industry, Indore, G, I. 

AND 

N. H. JOSHl 

Allahabad Agricultural Institute, Allahabad, U.P. 

(Beceived for publication on 21st August 1936) 


Introduction 

Numerous attempts have been, made in India to combine the milk yield of 
Western, dairy cattle with the hardiness and snitability to local conditions of 
Indian breeds. It is not proposed in this note to attempt any form of summary 
of the results of these efforts, but rather to put forward for the consideration, of 
Indian stock-breeders certain, genetic principles which appear to bear on the 
problem, 

The aim 

Judian cattle have boon siihjoctcd to countless general, ions of rigorous natural 
selection for ability to withsiand singularly hard conditions, and no one would 
dis})uto the view tliat for hardiness, vigour, size, conformation, and suitability 
for draft purposes, the desired typo can best be obtidiied by soleetion within the 
indigenous lireeds, d’ho ].)rinoipal characi,cr of value under Indian conditions 
in which Western breeds excel the indigenous cattle is milk yield. 

Two practices, besides straight selection, are in vogue at present among breed- 
ers who are attempting to improve Indian milking cattle- The first, and much 
the commoner, is to grade ui3 a herd of indigenous cows by repeated breeding 
back to Vvestem bulls. This is the predominating policy of the military dairy 
farms. The second is the one which the experiment reported by Littlewood 
[1933] was designed to test, namely the inter- breeding of cross-bred cattle in an 
attempt to establish a new intermediate strain. Littlewood [1933] also reports 
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on, the performanoe of a few animals obtained by lireeding the cross-brods back 
to the Indian, breed. This coiRstitiites a tbird method. The inter- breeding method 
appears to have been entirely abandoned in India, and we are not aware of any 
sustained attempt having lieen made to giude up by breeding l)ack to indigenous 
cattle, though tliis is the niotbod advocated by Littlcwood [1933] as a result ol 
his experience. 

An examination of the three breeding practices enumerated above shows 
that two of them are designed to incorporate in the intended new Indian, milking 
breed more of the Western character than is wanted. Continued grading to 
Western bulls will result in a strain carrying only such Indian characteristics 
as are maintained hy selection, either natural or human. Inter- breeding will also 
result in the incorporation of many unwanted Western characters, unless selec- 
tion is practised of an intensity which the slow-hreeding habits of the cow renders 
a practical impossibility. There remains the method of breeding back to the 
indigenous type. This method will result in a progressive approach to the in- 
digenous type in all attributes on which selection for the Western character is not 
practised. Selection need only be practised for characters influencing milk yield, 
and the object of tbo experiment becomes simply that of breeding an almost purely 
Indian type, with a high milking capacity. This, we believe, is the proper aim 
for those who wish to improve the milk production of the cattle of the country, 
and not simply to provide specialised milking animals to be maintained by largo 
dairies under special conditions. 

There is a very prevalent opinion that cross-breeding schemes, to have any 
hope of vsuccess, must be large, and consequently expensive. It was expressed by 

Littlewood [1933] as follows In an experiment of this kind. at 

least 200 Fg cows are necessary in order that a good selection can be made.” And 
later: “I consider it is possible to evolve a half-bred breed of mild) cows for 
India, but it ■vdll be an expensive experiment as large herds must be maintained 

”. This opinion appears to be based on the belief that the larger 

the numbers available the more rigorous the i selection that can be exercised. In 
the long run, however, the intensity of seleetidn is limited, not by the number of 
animals available, but by the proportion of the young stock which must be retain- 
ed in order to maintain the strength of the herd. It may, of course, bo argued 
that m the early segregating generations, selection so rigorous as to result in serious 
depletion of the herd should be exercised, and the herd built up again by relaxa- 
tion of the selection wdien a largo proportion of the desirable characters have been 
fixed. Where large numbers of genes are concerned in the make-up of the. charac- 
ters under selection,’ such a policy would ho open to grave objections on genetic, 
grounds, and in any case it is likely that the herd would be extinguished before 
the. desired homozygosity was obtained. This limitation on . the intensity of 
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soloctioD is admirably summarised by Lwsli [1936], and he conoludes that to 
six ' y per cent of the heifers bred must be retamed for replacement alone, in a dairy 
herd. The actual number of animals available, therefore, does not limit the selec- 
tion intensity, and there is, in, fact, much to be said in favour of a herd of mode- 
rate size and limited financial demands. India has suffered severely from the 
abandonment, on grounds of economy, of promising breeding schemes before they 
bad gone far enough to be of practical utility. For this reason also, improvement 
by cross-breeding has a considerable advantage over improvement by selection, 
in that there is an immediate and considerahle rise in milk yield, 'which enables a 
cro.ss-bred herd to pay for its keep, where an indigenous herd frequently does not. 

Two factors, which depend largelj^on the design of the experiment, inQuenee 
the efficiency of selection. The first is the nnmber of characters for which selec- 
tion is exercised. Consider for the moment heifers alone, of which fifty per cent 
must he retained to maintain the herd. If selection, is exercised on five indep>on- 
dent characters of equal importance, the intensity of the selection exercised on 
each character is no greater than if the proportion to be retained were .^o~5, or 
eighty-seven per cent [Lush, 1936]. 

To put it in another way, only half the heifers can be discarded, or the herd 
will be depleted. Obviously it is hot possible to discard the worst half on all five 
characters and it will only foe possible actually to discard the worst thirteen per 
cent — a very lenient culling— of each character under selection. 13X5 = 65, 
and the difference between this and fifty per cent is Accounted for by the fact 
that of those animals which appear in the worst thirteen per cent on one 
character, some will also appear in the worst thirteen laer cent for other char<aoter.s 
alsOi 

In the method of back-crossing here advocated, the number of cliaracters for 
which selection must be exercised is reduced to a minimum, since all characters 
desired from the indigenous breed are fixed automatically by the liack- crossing 
process without selection, and the selection intensity for the desired Western 
characters is, therefore, at a maximum. 

The second factor in design to be considered, is that selection among males 
is ranch more rigorous than among females, since among bull calves the replace- 
ment percentage is probably not more than five to ten. Consequently, any 
breeding method which includes the use of cross-bred bulls wdll j)ermit of a corres- 
pondingly improved selection intensity. TJiis is, of course, offset by the difii<mlty 
of evaluating males for the most important characters, namely milk-yield and 
butter-fat content. 

It is beyond the scope of the present paper to advocate particular foreign, 
breeds, but a word must be said concerning the choice of matings. It is a sound 
breeding policy to avoid introducing variability unnecessarily with regard to 
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oliaraeters in wliieli tlie lireedeivis not partieiilarly iiiteres For instance, the 
size anci tyjpe of animal required can nsnally be decided beforelu^nd from a eon- 
sideratiion of the eouditions of tlie tract for wMch tF is to be carried out., 

and a suitable indigenons breed selected. The foreign breed with which it is to be 
crossed should not differ more than necessary from it in those characters. Such 
matings as Sindhix Holstein are likely to introduee far more vaidahility in size and 
form and butter- fat content than, for example, Hariana x Holstein-Freisian or 
Smdhi X Jersey, and will consequently take longer to breed back to a uniforiii 
type in which inter-hreeding can he started, and from which hulls can be provided 
for the improvement of cultivators’ cattle. 


A SUGGESTED BREEDING SCHEME 




It should he remeinhered i.hat the Fj is not a segregating gmreration, and Fj 
animals will only differ in those characters, genes for which were heterozygous 
in, one or both parental stocks. As such difTerences ma^’ he expected to he un- 
important relative to the differences between tlic breeds, no selection need bo 
exercised among F^ heifers. ' § 


Since sex is determined by the distribution of the sex chromosome, the above 
statement must be modified if any sex-linked genes for milk production are carried 
by the sire. The Fj generation will then he of two types, lieifers which will have 
received sex-linked genes for milk production from their sire, and hulls which 



will not have received them. 

Evidence for sex-linkago of some of the genes responsible for milk production 
has been summarized by Smith and Hohison [1983], who conclude that it is very 
suggestive, hut not conclusive. Of the Inills used in the breeding of Western 
cattle breeds some have been what is known as ‘ jsrepotent sires ’ aiid the ex- 
ploitation of these has led to their contributing a disproportionate share, corn- 
piared with other bulls, to the ancestry of the breed. Since jirepotency for niilk 
production results largely from a hull’s ability to transmit his dam’s excellence 
to his daughters, the fact that all daughters rective a sex- chromosome from their 
paternal grand-dam and only half receive anj' given autosome from her will result 
in stronger selection for any genes for milk p'Toduction situated in the sex chromo- 
some, than for those situated in autosomes. It is, therefore, to be expected that 
a disproportionate share of the genes for milk production carried by breeds heavily 
selected for that character will be sex -linked. 

The importance of this conclusion for a cross-breeding scheme with Indian 
cattle is that, if the effects of sex-linkage can he safely ignored, F^ bulls are geneti- 
cally as valuable as Fj heifers for the production of the first back-cross (or quarter- 
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lirecl) generation, and practically, they arc much more valuable, since they can 
sire manjr calves, wliereas ea<3h heifer can produce only say six or eight calves in 
In^r life. From the summary by Smith and Robison [1933] we concliide that in 
the Western breeds examined the proportion of milk-yield from sex-linked genes to 
that from autosomal genes is not high enough to demonstrate their existence -with 
certainty. If that is so where the genetic variance for milk production is com- 
paratively small (i.e., within breeds) it is likely to be at most a very small jn’o- 
portion of the tvhole in a cross between two breeds differing widely in milking 
capacity, so that, even allowing for sex-linkage of milk production genes to the 
extent suggested by Smith and Robison’s data, the loss resulting from the us© of 
Pj bulls in a breeding project of the typo under discussion is likely to be negli- 
gible. 

We suggest, therefore, that both sexes of the generation should be bred 
back to the indigenous breed. Then all the available females in the herd can be 
made to contribute to the back-cross generation, and the maximum number of 
animals will be provided for selection. A direct check on the accuracy of the 
above estimate of the importance of sex-linkage in the inheritance of milk yield 
will then be possible. Since both grand-dams of all back- cross heifers are of the 
indigenous breed, a figure x can be calculated for each animal representing the 
increment in milk yield over the mean yield of its two grand-dams. If sox-Iinkage 
is important, the mean of x for heifers with F^ dams will be significantly greater 
than the mean of x for heifers with Fj sires. 


First bach-cross or quarter-bred 

This is the firsi; segregating generation, and selection must, therefore, be exor- 
cised. We suggest, that all quarter-bred bulls should be eliminated from the herd, 
since the pcuformance of tluur dams (in a non -scign^ga. ting generation) will pro- 
vide only a negligible amount of information concerning their value. All heifers 
will be bred back to a good bull of the indigenous brcied, and selections made on 
the basis of milking performance. Two points should ho noted : first the im- 
portance of the indigenous bull. The fact that high milking capacity is being 
introduced from the Western breed does not release the breeder from the ne(“es~ 
sity of using the best available indigenous stock. What little is known, eoncern- 
iug interaction between genes in quantitative inheritance suggests that genes 
causing small increments in yield in a low- yielding strain may cause much greater 
increments in strains of higher milking capacity [Smith and Robison, 1931]. 
Secondly, the importance of selecting the quarter-bred lieifers on milk prodirction 
alone. The process of further back-crossing will be relied upon to breed out any 
disadvantageous characteristics which may be carried by good milking animals. 
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Til is nol. possible to lay down in advance tlie intensity of selection to be exer- 
eisf;d among heifers in each gcneratioiij but it should a})proiM'h on the average that 
whioh Avill allow maintenance of the strength of the herd, and very little more. 

Second bacJc-crofis or eAgMJi-hrcd 

Tlio second baelt-oross animals will resenilde the ijidigenous Ineed closel}’' 
in most rcs])eety. The heifers should be bred back agaan to ani indigenous bull, 
and selected as in the cjuartcr-bi'od generation. The second back-cross bulls may 
be relied on to sire calves almost alwa 3 ''s superior to those of indiem breeds bearing 
110 foreign ‘ blood.’ They may, therefore, be used in a village cattle improvement 
scheme, and if suitable arrangements are made for estimating tlie value of their 
progeny, the best of them can be picked out and brought ba('k into the herd. 

Later generations 

Heifers of the third back-cross generation should also bo Ijack-crossed to the 
indigenous breed, and scdected on milking performance. As soon as bulls of the 
socoud, ])ack-cross generation have been tested {on village cattle), the best of them 
may be brought in and mated to the selected cows of the third back-cross genera- 
tion. Thereafter, inter-breeding will proceed among heifors selected in each 
generation on their own mtlk yield and bulls selected on the performance of their 
progeny out of village cows. 

It should be remembered that when inter- hreeding is eommeiicofl, ail charac- 
ters of importance Avill have to ]>o oLserved, and those besides milk yield which 
prove not to have been fixed by the back-crossing process will have to be fixed by 
selection. 

General consider.atjons 

Six quartei'-bred cows whose performance is recorded by Litflowood []033'| 
averaged 3,995 lbs. of milk ]ier lactation as against an averag(‘ of 4,008 Ihs. by 
nine'een Fg cows. The difference is negligible, so that with the advantage in 
favour of the quarter-bred that the whole of the s('Tection can ho concentrated 
on milk yield, the production average of the parents of a second back-cross slioukl 
be considerably higher than that of the parents of an Fg. 

The. available evidence indicates that the heterozygotes of milk-yiedd factors 
are on the average nearly intermediate between the homozygotes. (The Mt. 
Hope I adex gives 0 • 7 [Goodale, 3 927]). The inter- breeding of the best of the third 
back-cross animals should, therefore, result in the production of a proportion of 
heifers with a higher milking capacity than their parents. The advantages of 
milk production in the first generation whioh cross-breeding gives over selection 
in an indigenous herd is increased in the breeding scheme here discussed by the 
increment in yield obtainable by inter-breeding at the end of the period of back- 
crossing. 
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CROSS BREED LVG FOR MILK YIELD IN INDIAN CATTLE 

The fear is sometimes expressed that cross-breeding betweeii widely different 
types will result in genetic incompatibility, and consequently a¥eakly and 
unbalanced animals. The risk of such misfortunes is minimised by the back- 
crossing method, as it ensures the re-building of a balanced indigenous type, with 
only a minimum of introduced genes. Care must be taken to watch for evidence 
of linkage (repulsion) between milk-yield genes and genes of the indigenous breed 
which would otberwise be automatically fixed. If such are detected, the breeder 
must himself decide whether they are of sufficient importance for him to direct 
his selection towards the discoverjr and propagation of cross-over individuals, or 
whether he can afford to allow some deviation from the indigenous type in charac- 
ters other than milk yield. • 

This breeding scheme is aimed primarily at providing superior cattle which 
can he relied on to improve cultivators’ stock. It is, therefore, important to decide 
at what stage untested bulls can be put to village cows with confidence, not mere- 
ly that on the average their effect will be beneficial, but tliat there is no greater 
risk than with good indigenous stock that any individual will have a deleterious 
influence. If the best available indigenous stock is used iu the breeding scheme, 
second back- cross bulls, selected for vigour and conformation similar to that of 
their indigenous sires should, be safe for distribution. At that stage it is suggested 
that bulls should be tested for the milk production of their daughters, and the 
best of them used for inter- lireeding with the best third hack-cross heifers. Given 
the confidence of the cultivators and provided a simple method can be devised of 
estimating the yield of tlieir cows from periodic test milkings, the testing, and the 
subsequent return i;o the herd, of the best hulls should be a practical proposition. 

In conclusion, it ma,y be remarked that the breeding method here outlined 
is but a modifioation for Indian conditions of the methods of grading up adopted 
with great success in North and South America, South Afri a, and elsewhere. 
The exceptionally hard conditions in India nifxke it necessary to grade up to the 
indigenous instead of to tlie IVestern breed, but there is no rea" movliy this modi- 
fication shoxikl affect the chances of success. The cattle-brec lers of the groat 
new cattle countries have used the best hulls in the world regardless of cost. If 
this was worth while when the ground lost by the accidental introduction of an 
inferior animal C(»uld he regained by teplacement with a better, it is much more 
ini})ortaat that the best possible Western bulls should be used to start such a 
scheme, as is here suggested, where Western blood will bo introduced once only. 
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A CHECK-LIST OE THE NEMATODE PARASITES OE THE 
, DOMESTICATED ANIMALS IN BURMA; 

BY ■■■ . ■ 

J. BHATTACHARJEE, B.So., M.11.C.V.S., E.G.a 
Offg. Veterinary Research 0£icer, Imein, Burma 
(Roceivad for publicafilon on 28fch January 1937) 

1. lNTE0DUCTI02>r 

Although attempts have beau made to to cord the nomatode parasites of the 
domosticatod animals in Barma by Evans and Ronnie [1910], Goiger [1910, 1915] 
and quite recently by Blialerao [1935], yob our knowledge of these parasites is 
far from being oompleto. The prosent article is yet another attempt not only to 
place on record an up-to-di,to knowledge of these parasites, but also to encourage 
oollection of these parasites by those who liavo ample opportunities of obtaining 
matorial, as a groat deal of collecting will have to be undertaken before our know- 
ledge of these parasites can be considered anything like complete. 

Unless specified, all the parasites listed in this article were identified hy the 
au'hor not only from the collections of the Veterinary Research Laboratory, Insein, 
Burma, which were in a good state of preservation, but also from large numbers 
of fresh parasites collected by him in the course of his post-mortem examinations 
on many experimental animals. The host animals considered in this article are 
chiefly mammals, vh., elephant {Elepha8 indiciis)i cattle {Bos indicus), buffalo 
{Bos buhalus), sheep {Ovis aries), goat {Gapra Jiircus), horse {Eguus cahaUns), mule 
{Equus asinus x Equus caballus), dog {Canis familiaris), cat {Felis catus var. 
domesficus), and pig (;l8'?^<s cristatus). 

II. Class NEMATOBA Rudolplii, 1808, emend. Diesing, 1861. 

Family Ascarid AS Baird, 1853. 

Genus J.sccim Linnaeus, 1758. 

Zu?n6rico'hfrs Linnaeus, 1758. 

Byn., Ascaris suum GoQze, 1782. 

Ascam oyfr Rudolphi, 1819. 

Ascaris suilla Dwiardhi, IB4:5. 

Host. Pig. 

Situation. Small and large intestines. 

First record of this parasite from Burma. 

Ascaris vitutorum Goozet 11 S2. 

Host. Cattle. 

Situation. Small intestine. 

Recorded by Bhattaoharjoe, 1930 [Mitchell, 19311 

Genus Barasoaria Ywfe® Mapleatono, 1926» 
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Parascans eg'Momm (Goesse, 1782). 

Syn., Goeze, 1782, 

.<4scam eg'wi Schrauk, 1788. 

Asmris megahcephala Cloqaet, IB2,4:. 

Host. Horse. ■ 

Situation. Small intestine. 

First record of this parasite from Burma. 

Genus Toxocara Stiles, 1905. 

Toajocam cams (Werner, 1782). 

Syn., Lumbricus cams Werner, 1782, 

Ascaris margimia l^VLd.o\p)iU 

JBelascaris marginata Bailliet and Henry, 1911. 

Host. Bog. 

Situation. Oesophagus, stomach, small intestine. 

First record of this parasite from Burma. 

Toxocara loncJioptera (Biesing, 1851). 

Syn., Strongylus eUphanti Budolphi, 1819. 

Ascaris tonchoptera Diesbxgi 1851. 

Belascaris lonchoptera Leiper, 1911. 

Host. Elephant. 

Situation. Bile-ducts. 

Recorded by Evans and Rennie [1910]. Evans [1910]. 

Gaiger [1910], Bhalerao [1935], None in the laboratory collection 
Family Oxyubiidab Cobbold, 1864. 

Genus Oxyuris Rudolphi, 1803. 

Oxyuris equi (Schrank, 1788). 

Syn., Trichocephalus equi Schrank, 1788. 

JSepi'ms cwvwZa Schlotthauber, 1860. 

Gajyw-m cttywMto Rudolphi, 1803, 

Host, Horse. 

Situation. Caecum, colon. 

Also recorded by Gaiger [1910], Bhalerao [1935], 

Family Teichueidae Railliet, 1915. 

Genus Trichuris Roederer, 1761. 

Trichuris ovis (Abildgaard, 1795). 

Syn., Trichocephalus ovis Abildgaard, 1795. 

Trichocephalus affinis Rudolphi, 1802. 
iiPncAtim aj^ma Rudolphi, 1802. " 

Host. Cattle, sheep, goat. 

Situation. Gaeoum, colon. . * 
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TricJiUris ovis (Abildgaard, T7d5)-~contd. 

Faraiiy ANCYXiOSTOMiDAE (Looss, 1905). 

Gomis A%ca/Zosto»ia (Dubini, 1843). 

Ancylostoma caninum (EiTcola.m, 1859). 

Host. Bog. 

Situation. Small and large intestmes. 

Recorded by Bhattaeharjee, 1930 [Mitehell, 1931]. 

Genus Railliet and Henry, 1909. 

Bathmostomum sangeri (Cohhold, 1879). 

Syn., Z>oc/^mt'?/6t .juwgeri Cobbold, 1879. 

U7icinaria sangeri Cohhold, ISl 9. 

U^icinaria os-papillakim ’Fisiiis^ Skiid Stiizzi, 1900. 

Host. Elephant. 

Situation. Caecum, intestine# 

Recorded by Gaiger [1910], Bhalerao [1935], None in the laboratory 
colloction. 

Genus Gratnmocephahis Railliet and Henry, 1910. 

Orammocephalus varedatus 1921. 

Byn.f Orammocephalus clathratus {IdoArd, 1%^^). 

Nematode No, 1. Evans and Renuie, 1910. 

Grammocef)i^aZw5 iwfermedtws Neveu-Lamairo, 1924* 

Host. Elephant. 

Situation. Bile-ducts. 

Recorded by Evans and Renuie [1910], Khalil [1922], Bhalerao [1935]. 
None in the laboratory colloction. 

Family Metasteongylidae Leipor, 1908. 

Genus Dictyocaulus Railliet and Henry, 1907. 

Dictyocaulus filar ia (B>ud6lph.i, 180Q). 

Syn., Strongylus filaria BAidolphi, ISO^. 

Host. Goat. 

Situation. Bronchi. 

Recorded by Giles, 1892, [Bhalerao, 1935]. 

None in the laboratory colloction. 

Dictyocauhis viviparus {'Bloch, 1182), 

Syn., Strongylua micrunis (Mehlis, 1831). 

Host. Cattle. 

Situation. Bronchi. 

Recorded by Bhattaeharjee, 1930 [Mtchell, 1931]. 

Faraily Stbongylidab Baird, 1853. 

Genus Choniangium Railliet, Henry and Bauche, 1914. 



Host. Elephant. 
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Oesophagostonium columhianum (Curtice, 1890). 

Host. Cattle, sheep, goat. 

Situation. Caecum, large intestine. 

Also recorded Giles, 1892, [Bhalorao 1935]. Bhattacharjoe, 1930 [Mitchell, 
1931]. 

Oesophagoskmum radiatum (Rudolpld, 1803). 

Sjn,, JStro'ng^his inflatum (Bolmeidei, ISQQ). 

Oesophagostonium dilatatum (Riiillieti 189Q). ‘ 

Oesophagostomum vesiculosum RsAz, 189S. 

Oesopkagostmnum bovis Schnyder, 1906. 

Host. Cattle, buffalo. 

Situation. Large intestine. 

Recorded by Bhattacharjee, 1930 [Mitchell, 1931], 

Otsophagostomum venulosum (Rndolphi, 1809). 

Syji., Strongylu8 venulosiis 'Radolphi, 18Q9. 

Host. Goat. 

Situation, Large intestine. 

First record of this parasite from Burma. 

Genus Lane, 1914. 

Quilonia renni&i (Railliet, Henry and Joyeux, 1913). 

Syn., jS'mriSM rswnej Railliet, Henry and Joyeus, 1913. 

Nematemmia renniei Ihle, 1919. 

Quihnia qnilom'hBXi.Q, 

Host. Elephant. 

Situation. Caecum, large intestine. 

Also recorded by Evans and Ronnie [1910]. Railliet, Henry and Joyeux, 
[1913]. Meggitt, 1933 [Smith, 1933], Bhalorao [1935]. 

Quilonia travancra Lane, 1914. 

Syn., Evansia travancra Railliet, Henry and Bauche, 1915. 

Nematevansia travancra Ihle, 1919, 

Host. Elephant. 

Situation. Caecum, large intestine. 

Also recorded by Meggitt, 19,33 [Smith, 1933]* 

Genus Strongylus Mueller, 1780. 

8trongylus equinus Mueller, 1780. 

Syn,, Schrostomum equinus Looss, 1900. 

Strongylus armatus Rudolphi, 1802. 

Sclerostonvum quadridentatum Sticker, 1901. 

Host. Horse, mule. 

Situation. Caecum, colon. 

Also recorded by Gaiger [1910, 1911]. Boulenger [1921], Bhalorao [1936], 
Genus Trichonema Cobbold, 1874, 
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TficJiomma aegyptiamm%&^^ 1923. 

B^XL.iStmngylusteiracanthuml^^ 

Host. Horse, mule. 

Situation. Colon, 

Also recorded by Giles, 1892 [Bhalerao, 1935]. 

Family Syngamidae Leiper, 1912. 

Genus V. Siebold, 1836. 

torywyeiw Bailliet, 1899. 

Syn., ZarywcAewa miwor Smit, 1922, 

Host. Buffalo, cattle. 

Situation. Lar3mx, 

First record of this parasite from Burma. 

Family Tbichostrongylidae, Leiper, 1912. 

Genus Baemonchus Cobb, 1898. 

Haemonchus contortus (Rudolphi, 1803). 

Syn., Strongylus contortm Rudolphi, 1803, 

Host. Cattle, sheep, goat. 

Situation. Abomasum, small intestine. 

Recorded by Bhattacharjee, 1930 [Mitchell, 1931]. 

Genus M&cistocirrus (Railliet and Henry, 1912). 

Meciatocirrua digitatus (V. Linstow, 1906). 

Syn., Nematodirus digitatus Linstow, 1906. 

Strongylus digitatus V. Linstow, 1906. 

Host. Cat le, buffalo. 

Situation. Abomasum. 

First record of this parasite from Burma. 

Genus Nematodirus Ransom, 1907. 

iVemafodiwjzZmoZZts (Rudolphi, 1802). 

Syn., Ascaris filicoUis Rudolphi, 1802. 

Host. Gat'le. 

Situation. Abomasum. 

First record of this parasite from Burma. 

Germs TrichostrongyliLS hoos^ 1905. 

Trichosirongylus coluhriformis {Giles, 1892). 

Byn., Strongylus colubriformis Giles, 1892. 

Strongylus instabilis 'Railliet, 1898. 

Trickostrongylm instabilis Looss, 1905. 

Host, Sheep. 

Situation. Abomasum. 

Recorded by Giles, 1892 [Bhalerao, 1936]. 

None in the laboratory collection. 

Family Acuariidm Seurat, 1913. 

Genus Barabronum^ Baylis, 1921. 
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ParaSronema smiiM (Cobbold, 1882). 

SyH., Filaria smithii Cobbold, 1882, 

Spiroptera smithi Railliet, Henry and Bauche, 1914, 
Host. Elephant. 

Situation. Gastric tumour. 

First record of this parasite from Burma. 

Family Gnathostomidae Railliet, 1895. 

Genus Qmthostoma Owen, 1836. 

Gnathoatoma spinigerum Owen, 1836. 

Host. Cat. 

Situation. Stomach. 

First record of this parasite from Burma. 

Family Physaloptbridae I<eiper, 1908. 

Genus Ghlamydonema Hegt, 1910. 

Cklamydonema praeputiaU von Linstow, 1889. 

Syn., Physaloptem praeputialia Linstow, 1889. 

Ghlamydonema felineum Hegt, 1910. 

Host. Cat. 

Situation. Stomach. 

First record of this parasite from , Burma. 

Family Spiruridab Oerley, 1885. 

Genus JSpirocerca Railliet and Henry, 1911. 
Spirocerca sanguinolerUa (Rudolphi, 1819). 

Syn. Spiroptera aanguinoUnta Rudolphi, 1819. 

Host. Dog. 

Situation. Oesophagus, stomach, aorta. 

Recorded by Bhattacharjee, 1930 [Mitchell, 1931]. 
Genus Diesing, 1861. 

Hahronema megaatoma (Rudolphi, 1819). 

Syn., Filaria megastoma Rudolphi, 1819. 

Spiroptera megastoma Pndolphiy 1819. 

Host. Horse. 

Situation. Stomach tumours. 

Also recorded by Giles, 1892 [Bhalerao, 1935]. 
Habronema mmcae iCB,TteVt 18QI). 

Syn., PiZana wwaccs Carter, 1861. 

Dermojilaria irritans Rivolta, 1884. 

Host. Horse. 

Situation. Stomach. 

First record of this parasite from Burma. 

Family Thelaziidae Railliet, 1916. 

Genus Thelazia Bose, 1819. 
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PAefera caZ%cgila Eaiiliet and Henry, 1910. 

Host. Dog. 

. Situation v:"'Eyo. 

Also recorded by Fanst, 1930 [Blialerao, 1935]. 

(Gurlt, 1831). 

Sjii., Filaria lacrymalis Gw^t, ^ 

Host. Horse. 

Sitnation. Eye. (Aqueous htimonr). 

First record of this parasite from Burma. 

Thetaziarlkodesi(DesmB.teat,lS21). 

Syn.t Thelazius rJiodesii Desm&T&Ht, ISZl . 

Filafia hovis Baillet, 1858. 

Filaria pctlpehranini 'Rihillet, 1858. 

Host. Cattle, buffalo. 

Situation. Eye. (Laerjmal ducts). 

First record of this parasite from Burma. 

Family Filaetidae (Cobbold, 1864). 

Genus Dirofilaria Railliet and Henry, 1911. 

Dirofilaria iunmitis (Leidy, 1856). 

Syn., FiZam mmiifis Leidy, 1856. 

Host. Dog. 

Situation. Heart, pleural cavity. 

Also recorded by Evans and Rennie [1910]. Gaiger [1915]. 

Bbattacharjee, 1930 [Mitchell, 1931], BhaJerao [1935], 

Genus Onchocerca Diesing, 1841. 

Onchocerca arwiZZffia Railliet and Henry, 1909. 

Host. Buffalo, cattle. 

Situation. Aorta. (In nodules). ^ 

First record of this parasite from Burma. 

Onchocerca ep. Sweet, 1915. 

Host. Cattle, buffalo. 

Situation. Subcutaneous nodules. 

Recorded by Sweet, 1915 [Bhaierao, 1935]. None in the laboratory collec- 
tion. 

Genus Setaria Viborg, 1796. 

Seiaria digitata (V. Linstow, 1906). 

Ssm., FUaria digitata Linstow, 1906. 

Host, Buffalo, 

Situation. Eye, peritoneal cavity. 

Also recorded by Boulenger [1920]. Thwaite, 1927 [Bhaierao, 1936}. Baylis 
939].. • ' 
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tSctaria equina (Abildgaard, 1789). 

Host, Horse, cattle. 

SitHatioD. Peritoneal cavity, eye, circulatory system, thoracic cavity. 

Also recorded by Neumann jl.905]. Evans and Reimie [1.910]. Bhattacbar- 
jee, 1930 [Mitchell, 1931], Blialerao [1935], 

SeCaria lahiato-paqriUosa (Aicssandrini, 1838). 

Syn,, Filaria lahialo-papillom Alessandrini, 1838. 

Host. Cattle. 

Situation. Peritoneal and pleural cavidcs. 

Recorded by Bhattacharjee, 1930 [Mitchell, 1931]. 

Seiaria marshalli Boulenger, 1921. 

Host. Cattle. 

Situation. Peritoneal cavitj''. 

Recorded by Boulcnger [1920]. Thwaite, 1927 [Bhalerao, 1935], Baylis 
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HAEMATOLOGlOAL StrUl)llS IN INDIAN BAIRY ANIMALS 

■■ ■ ■ V BY' , 

■ m:g.8Am£mmA^ 

Aninml Nutrition Smtion, Imperial Veterinary Besearch Institute, Izalnagar 
(iReceived for publioation on iSfch February 1937) 

(With one text-figure) 


Abthowh investigations have been carried out in other countries to fix haema- 
tologicai standards for domestic animals, such work has not been attempted in this 
country and no records are available of the typical blood picture of Indian dairy 
animals. Napier and Bas Gupta [1935] working on human haematology have 
found certain deviations in the blood picture of the Bengal population from foreign 
standards. The present work was undertaken with a view to find out whether 
any such variation exists between Indian cattle and foreign ones. The buffalo, 
an important dairy animal in India, is also included. It is hoped that these figures 
will be of practical value to the veterinarian who has now to depend upon foreign 
standards. 

This paper records the results of a study of the blood of nearly 100 animals 
of different breeds belonging to the Imperial Dairy Institute at Bangalore. The 
foUowihg were the animals examined, ah the cows bein^ millr : — 

: 6 'Working buiioeks of Mysore breed. ; ' 

10 Young Seindi bulls. 

30 Half-bred cows, 

4 Quarter-bred cows. 

1 Mve-eighth-bred cow. 

1 Three-quarter-bred cow. 

' 1 Ayrshire hull. ' 

T Three-eighth-bred cow. 

' " 20 'Soindleows..''' ' 

1 "S'Cindihull,:.' 

' 10' Gir-nows.''' 

1 ^Girhull.;'. 

12 Murrah buffaloes. 

1 Murrah buffalo bull. 

In addition the blood of four sheep of local breed and two human subjects 
was examined. 

Two or more samples of blood were examined from each animal at different 
periods. Human subjects were included only to test the correctness of the tech- 
nique followed. In this work it was possible only to make erythrocyte, leucocyte 
and differential counts and no attempt was made to estimate haemoglobin, tlirom- 
booytes or reticulocytes. 
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Bleeding and SAMP-UNa 

Samples of Wood were drawn either from the jugular vein or the marginal or 
dorsal vein of the ear, JSTo significant differences between the samplers were noticed. 
At the beginning of these investigations counts wore made only on Jresli blood. 
Sometimes owing to accidents the vein had to bo punctured again for the second 
pipette within a few minutes after the first attempt, ihese latter Scimples veie 
found to he abnormal due to concentration of leucocytes at this spot. Hence all 
the counts had to he made on the sample drawn at the very first attempt. This 
was made possible only by using sodium oxalate [Hapier and Das Gupta, 1935] 
as an anticoagulant, its concentration being one rag. per c.o. of blood. 

Blood counts were made on the fresh and oxalated samples to see whether 
the anti-coagulant interfered with the accuracy of the results. It vats noticed 
(Table I) that the erythrocyte count was unaffected. However, structural changes 
in the cells Avere noticed, the red cells becoming crenated and some of the leu- 
cocytes failing to take the nuclear stain. EA^en the fihn, Avhen stained with Giemsa, 
appeared reddish, perhaps due to the effect ol oxalate on the haemoglohin of the 
red cells. But in the fresh oxalated samples the lymphocytes alone possessed 
an affinity for the nuclear stain, and as the other forms of leucocytes, particularly 
neutrophiles and monocytes were indistinguishable Avithout their nuclear stain, 
an apparent increase in the lymphocytes Avas noted when differential counts 
Avere made. This might perhaps be the reason for Kernoamp [1933] say- 
ing that lymphocytes increase in oxalated blood. 

In the smear prepared with a twenty-four hours sample even the lymphocytes 
fail to take the nuclear stain. Bosinophxle lutcleii remain colourless oven in the fre.sh 
oxalated sample, but the cells could be identified by the stained granular cytoplasm. 

Hence, for differential counts and for study of structural churaeiers of blood 
elements, fresh and pure blood alone should he used. But fresh oxalated blood 
could safely be employed for erythrocyte and leucocjde counts. 

Table I 






Erythrocyte counts in 'pure and o'xalaied blood in millions per c.c. 


Oxalated 
blood 
24 hours 
old 


Oxalated 
blood 
48 hours 
old 


Fresh 

oxalated 

blood 


Pure and 
fresh 
blood 


Animals 
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DaUTING FLUID 

For diluting fluid a 3 per cent citrate solution Ar.-is employed and tlio results 
agree 'with those obtained by the use of Toisson’s or Hayem’s lliiids (Table II). 

Table II 

Blood comits in three different diluting fluids in millions -^er c.c. of Mood 


Samples examined 


Toisson’s 

solution 


Hayem’s 

solution 


Citrate 

solution. 


Seindi 


BiiUock I 


Seindi S 


Seindi 253 


Cross-bred cow 676 


Cross-bred cow 472 


Cross-bred cow 409 


The citrate solution, honnver, is preferable for the following reasons : — 

1. It is easily prepared. 

2. It keeps a long time. 

3. It gives a clear picture of the red cells with no sn-elling, no shaded centres, 

no groupings and with the platelets clearly separated. 

4. Filling the blood pipettes with the citrate solution and blowing it out are 

found to be easier. 

For leucocyte counts a O' 4 per cent solution of glacial acetic acid tinged with 
methylene blue was used. For the estimation of erythrocytes, the biootl was dilut- 
ed in Potain pipettes (1-100) and the actual counting was done over Hawkslcy’s 
improved Neuhar counting chamber. Counting of any 100 squares is advised to 
foe essential, but from experience it has been found that counting of 100 squares 
distributed over the whole field gives a constant and better average than any 
other fonn of counting. The same pipettes were used throughout this enquiry 
eliminating thereby one source of error. Two or more countings were made from 
the same sample, sometimes from fresh dilutions, at other times from different 
samples from the same animal and the averages were recorded in Table III. 



• 

7 '464 

7-160 

7- 



0-920 

10-456 




7-102 

7-000 

. . 



9-020 

8-984 

9- 



7-632 

7 -.520 




0-024 

8-976 

. . 



9-336 


9- 



7-032 


7- 



0-144 


9- 
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India generally give a lower blood count and low'er Bb figures compared with 
Europeans and the reason suggested is that Indians are of lower vitality and 
stamina. Perhaps the above reasons may also be applicable to cattle. 

Another interesting feature seen in the same table is the figure for animals of 
subsequent crossing. The Bangalore Earm is now oxporimenting upon quarter- 
breeding to see whether quartor-bred cows could be made to suit Indian condi- 
tions. So far as the blood picture is concerned the quarter-brods arc similar to 
the pure Indian cattle. The three-eighths-bred and the five-eighths-brod cmvs 
have given counts midway between those of half-bred and quarter-bred cows and 
from the following chart it would seem that the erylhrocyle count in the cross-bred 
animals is inversely proportional to the extent of foreign blood coptont in them. 


BufFalo 


Younq-Sdndi 


Scindi-buil 


bved 


auffeitt-boil 


Ayr- Shire 


Indian. 

Cross-bred, 


Breeds of cattle 
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The graph for the pure Indiari cattle represents the average for them exclud- 
ing the Ijiiffaloos. The fact that the bulls give higher counts than the res[>cctive 
cows is also noteworthy, ami this fact is /also recorded by K \loc. cih]. The 
buffalo bull, however, gave a lower count and this may be due to the old age of 
this particular animah 

Leucocytes 

From Table 11 it may be observed that the whit© cells have a range from 
Severn to twenty tliousands per c. c. of blood inoluding the buffalo with an average 
of 13 ■ 4 thousands. Fraser’s figure is from three to fifteen thousands for European 
cattle which also is lower than that of the Indian cattle. Mcois’ figure for 
American cattle is nine thousands which is also low. Mcois [foe. cf^.] also finds a 
wide variation in the white cell counts of normal animals amounting to 100 per 
cent. However, Indian cattle have not given a figure lower than 7,000 and the upper 
limit is 19 • 8 thousands in Gir cows and twenty thousands in buffaloes. Such high 
figures have also been obtained by Sergent and his collaborators [Fraser, 1931] in 
the case of Algerian cattle. The remarks made about erythrocyte counts in 
Indian and foreign cuttle hold good in lenepeyte counts also. But it is re.ma.rk« 
able to note that the ]3alf-bred co%YS while agreeing with European cattle in eryth- 
rocyte counts differ from both European and Indian cattle in leucocyte counts. 
The other cross-bred animals show the same relationship to the half-bred cow in 
their white cell count as in that of the red cell count. Here also: the quarfcer-brcd 
cows behave exactly similar to pure Indian cattle, f 

As already stated human subjects and sheep were included to test the accu- 
racy of tile technique and it is interesting to note that the h^ figures for 
erythrocytes closely agree with the; standar^^: In sheep, Fraser has recorded a 
range from 7*G millions to 14'4 mMons per c. c. f 4-4 to 13 -0 

thousands for white cells; whereas the figures for local sheep are 10*2 to 14*6 
millions for red cells and eight to twelve thousands for the white cells, wdiicii figures 
do not vary much from those of Fraser except in the range. 


ExAMINATrON OF BLOOD SMEARS 

The film for studying the erythrocytes and for making differential counts of 
leucocytes was made by the ordinary method of taking smears direct from tlio 
puncture. Of the two stains Giemsa’s and Leishman’s recommended for sta.in- 
ing the film, Giemsa’s is found to be more satisfactory for reasons stated by Fraser 
{loc. cit.}. After washing, the film appears light pinkish blue in the ease of normal 
blood. If the smears are made from the oxalated blood, the film appears light 
brick red as stated already. This same colour has also been noticed to a certain 
extent in films made from non-oxalated anaemic blood. Thus Giemsa’s stain forms 
a sort of indicator of anaemic blood, 
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In the stained film the red cell appear? pinkish. In all samples examined 
Microcytes and Megalocytes were observed and with the exception of Oir cattle 
no animal showed Poikilooytes, Pimctats basophilia or any such patliological 
specimen of red cells. This fact indicates that the animals examined were in. 
normal health so far as the erythrocjde count is concerned. This remark applies 
to buffaloes also. One noteworthy character in the buffiilo blood is that there is 
a tendency for the red cells to form into rouleaux and the smear is likely to be mis- 
taken for that of the horse but for the differences in the character of the Ieuco(3ytes. 

Among the leucocytes, the small Ijmiphocytes far exceed the number of other 
forms put together and they are usually found in large numbers at the beginning 
of the smear, while the polymorpho-nnclears are found mo-stly at tlie finish. The 
appearance of the polymorpho-nnclears at the tail end of the smear may perhaps 
be due to thek lightness or phagocytic movements causing them to be swept off 
towards the tad end in the act of spreading the drop of blood. The concentra- 
tion of the different forms of leucocytes in different parts of the film inake.s it 
necessary to adopt a special method of counting, so that the apparent and the 
actual counts may not he far different. Series of fields in lines from one end of 
tlie film to the other end when counted, give more or less uniform results. 

The following observations were recorded:-— 

1, In health}^ cattle only four lands of leucocytes were observed and when- 

ever any other form was noticed there was always a ■s-ariatioii in 
erythrocyte, leucocyte or differential counts from the healthy stand- 
ards. 

2. Monocytes are largest in cattle. 

3, Polymorpho-nnclears have more well-defined cytoplasm and the neiitro- 

pliile granules were more prominent in the case of the Ayrshire 
buH. 

4. The polymorpho-iiuclears are relatively small and the Eosinopliile gra- 

nules arc finer in cows than in the ease of buffaloes. 

The following is the tabulated record of percentages of different forms of leu- 
cocytes found in different breeds. Each figure represents the aA^erage of the group. 
In each film more tlian 300 cells were counted. In these figui-es large mono- 
nuclears and small lymphocytes are grouped as mono-nuclears. 
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Table IV 


X)ijfereMml count-s 







, ,, Bange.p.er cent 

■ ■ ' ... ■■ ■■ '■ ■■ ■ 

No. 

Animals 

Polymer 

Eo.smoph 

’ 

Mono. 

Poly. 

Eosiuo, 

: Mono. 

: 

1. 

Mysore bullocks . 

Per cent 

Per cent 

9 

Per cent 

70 

16—22 

7—10 

69- -76 

2. 

?5cindi cows 

31 

11 

67 

20 — —42 

8-- 18 

44 — 70 

3. 

Seincli bulls 

32 

16 

63 

20—42 

8—18 

4.4 70 

4. 

Qir cows 

23 

8 

70 

10—28 

■ ,2'— 16 

44—71 

5. 

Gir bulls 

19 

vll . . 

71 ■ : 

.19—28;^ 

2-- 16 

44—71 

6. 

Buffaloes 

■28, 

.6;: . 

66 

21—64 

2- 0—9 

44 — 73 

7. 

Buffalo bull 

33 

■ -.■v..,9.. ■ 

61 

21—64 

2\6-— 9 

44—73 

8. 

Young Scindi bull 

20 

■ : V '-8 

■."'71,," 

18—24 

8—9 

68--74 

9. 

Ayrshire bull 

26 


66 




10. 

Half-bred cows 

28 ■ . 

■ ■ ■: V 10; 

61 

. ■■ 

6- 6— 17 

47—80 

11. 

Five-eighths-bred 
cows . . 

30 

' IS-' ; 

68 




12. 

Quarter-bred cows 

24 

:S . 

; . 67 ' ,v. 

24 — 40 

6—9 

51—66 

13 . 

Average for Indian 
cattle 

26-7 

10 

64 




14 . 

Fraser’s average . 

30-7 

//■; 11V2' 

57-9 

16—^66 

1 * 2— 26 

36—80 


The fig-ures in Table IV represent the percentage of different, kinds of leuco- 
cytes present. The standard fixed for foreign cattle by Fraser is also given for 
comparison. It can be seen that the figures for the ^cindis agree well with tlioae 
of Fraser while those of tho eross-Ired ccws and buffaloes to a certain extent 
approach them. It may be assumed, therefore, that the percentage o’f kiwoeytea 
is the same in all animals. The only animals wliich showed variations art' tho 
Gir cows and the bullocks. Perhaps this is due to tho fact that the Gir cattle were 
anaemic and the bullocks were under maintenance experiments. 

The wide range under each count is difficult to explain. Low neutrophlle 
count, however, is indicative of absence of bacterial disease. Hi^rh eosinopliilo 
count is believed to indicate helminthiasis. Nicols says that the presence of liigli 
eosinophile counts, when faecal examinations are negative, indicate that other 
methods of detecting parasitism should be resorted to [loc. cit.]. Napier and 
Das Gupta [lac. cit.], mention that menials in Bengal have less eosinophiles in them 
than Europeans, contrary to expectations of helminth infection. The buffalo 
with its filth-loving habits sho-ald be expected to have a high helminth infection 
but gives the lowest eosinophile epupts ; whereas ah the bulls which are under 
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preferential treatment and are well leoked afer in the farm give a higher percen- 
tage. Again, the Gir cows wliieh are found to be anaemic, which itself may he 
due to helnihithiasis, show a lower count. However, the following points w'hioh 
were noticed are worth recording here ; — 

1. All mature bulls show a higiier eosinophile count. 

2. Gir cows give a low count and they are found to be anaemic. 

3. Scindi bulls too young for service give low counts. 

4. Buffaloes are found to contain less number of eosinophiles. The con- 

dition of the animals is a little plethoric. 

During the course of this study there was not much chance of studying the 
blood of sick cattle. However, during a mild outbreak of Doot-and-Mouth disease 
in the farm, the opportunity was availed of and a few samples of blood were exa- 
mined and the results are given in Table V. 


Blood cauMs in animats suffering from Foot-and~ Mouth disease 


Pall of temperatiiro 


Else of temperature 


Diffferentlal ooimta 
in liealth 


After re- 
covery 


Animals 


Biff, count 


Biff, eoiwt* 


Poly. Eosin Lymp 


It is seen from the table that during the rise of temperature, there is rise of 
neutrop>lules at the expense of other forms. When the temperature comes to nor- 
mal a rise in mono-nuclears particularly lymphocytes was observed. After com- 
plete recovery the percentages of different white ceils axe found to have been res- 
tored to the pre-fever stage. 

Among the different herds examined, some of the Gir cows showed anaemic 
characters in the stnictiire of the red cells. Further details of the blood picture 
are given in Table VI, 



TBK INDIAN JOUENAL OF \ 


ETEHINAE'i' SOIEKCE Alfl) ANIMAL HUSBANDRY [VII, El 


Table VI 

Blood counts in some Qir cows of Smigahre farm 


Erythro- 
cytes Leucocytes 

Animals Types in j 

millions thousands 


Differential counts 


Pohmior. Eosino. Mono. Othei's 


Cow 28 
, 30 

„ 21 
24 
10 

.... 1 


Brown 


‘Kala Boli’ 


19-800 

11- 400 
10-400 

12- 600 
16*600 
10-600 


Summary 

A study of the blood elements of cattle of the Bangalore Farm was made to 
fix hacmatologieal standards for Indian dairy cattle. 

The advantages and disadvantages of using anti-coagulants for colloc-tioii of 
blood samples for examinations are discussed. I^lenlioii has also been made of the 
merits of citrate solution as the diluting fluid for tho red cell pipette. 

Average counts of different breeds of cattle including buffaloes arc given in 
a tabulated form. The erythrocyte and leucocyte counts are found higher in 
Indian cattle than European cattle, but half-bred cows give figures sigreeiiig with 
European cattle. Among the Indian cattle the buffaloes give tho highest counts, 
the red cells reaching 11-0 millions and the leucocytes 20*0 thousands. 

From a study of the differential counts made on the animals, it is noticed that 
the different forms of leucociytes exist in the same proportion in all healthy cattle, 
the proportion being about thirty per cent polymorplio-nuclcars, ten per cent of 
eosinophiles and sixty per cent of mononucilears consisting of both lai:ge mono- 
nuclears and small lymphocytes. Basophiles are found to be absent in healthy 
cattle. 
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A PRELIMINARY REPORT OH CANINE SCHISTOSOMIASIS 
: IN THE MABRAS PRESIBEKCY^ 


BY . " 

M. ANANT NARAYAN RAO, G.M.V.C. 
Lecturer in Parasitology^ Madras Veterinary Collegt 
(Receh^ed for publication on Itltli March 1937) 
(With Plate XII) 


The first case of schistosomiasis in a dog in India was recorded by Rao and 
Ayj^ar [l93o]. The animal was brought to South India from Jubbulpore where 
apparently, it got the infection in the The subject of this paper is a 

dog, aged about eighteen months, belonging to a flower merchant of 
Gudiattam, North Arcot District. This dog, it is reported, was born in Kuppam 
of Chittoor District, and as a pup, was taken to Gudiattam where it remained most 
of the time before it as brought to Madras. The owner said that it is very fond 
of swimming and he allowed it this pleasure in the ponds in his lands at Gudiattam. 

The clinical history of the case is that it has had frequent attacks of dysentery 
and is not keeping such good condition as the owner expects it to have, consistent 
with the care bestowed upon it. The examination of its faeces showed a large 
nuralmr of ova of schistosomes re.sembling tliose of S. suis [Rao and Ayyar, 1933]. 

This is the seroiui case of dy.sentery in a dog caused by aohisioKomes to be 
reported frem India and the first indigenous case to be reported in the Madras 
Presidency. It is possible that a careful search into the ca..usea of dysentery in dogs 
may reveal more cases of schistosomiasis. 

This firding of schisteseme ova resembling thovso of tS'. suis in the faeces of a 
dog from North Arcot DivStrict addsimpcutance to t lie previous findings referred to 
below'. Rao and Ayyar [1933] found 8. suis in pig.s brought from North Arcot 
District ard slaughtered in Madras. Figs, when being driven from this district to 
the various irerkcts, would naturally disseminate infection to certain species of 
snails in ponds en route. It, therefore, seems possible that this dog contracted 
schistose miasis in one of such infected ponds in wdiich it w'as allow'’ed to swim. 
The author has had no opportunities of examining pigs slaughtered in districts 
other than Ncith Arcot, and hence is unable to report the existence of this schisto- 
seme in other pig-breeding areas of this Presidency. There is some evidence to 
show' that 8. siiis exists in Eengel and Central Provinces. Maplestone collected 
some from pigs slaughtered in Calcutta and these w'ere described by Bhalerao [1934]. 


*Paper read at the 24th Session of the Indian Science Congress held at Hyderabad. 
Peccan, January 1937. 
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Rao and Ayyar [1035] reported the case of a dog from Jubbulpore wliich evidently 
had S. suis infection. Hence it may be that this parasite is more widely .spread in 
India than is knovai at present ; nor is there any information regarding the patho- 
logical conditions set np by this parasite in pigs and the consequent economic loss 
to the ing-hreeding industry in India. \ 

Description of the ovum. It was possible to obtain ample material for study 
of the ova. The blood-tinged flakes of mucous contained a very large number of 
living, dead and ill-developed ova. The dimensions in microns are as follows :—- 
Length 90 to 125. Breadth 40 to 65. Leiigth of spine 5 to 7*5. One side of the 
ovum is slightly flattened, making it sub-oval in shape and the spine is sub terminal, 
making a wide angle with the flattened side (Pla^e XII, figs. 1 and 3). In some 
ova, the spine is curved slightly away from the flattened side or base, though the 
majority of them have their spines inclined to-wards it. The flattened side in 
some of the well-developed ova .showed a slight concavity so as to give the ovum a 
shape somewhat like that of a bean. : 

Description of the tniracidium. The miracidium inside the egg is apj^arently 
enclosed in a vitelline membrane which becomes more evident when the ovum is 
put in fresh water. The miraoidia, while in the egg, show up the details of their 
anatomy through the transparent egg-shell. Many of the miracidia, while still in 
the egg, appear to possess what may be palled ‘ shoulders * on the antero-later.i! 
margins as depicted in Plato XTI,,fig, 1: (c), Such a structure has not been 
observed by the author in the miracidia of any of the other species of schistosome.s 
studied by him so far. These ‘ shoulders ’ are noticeable just at the places whore 
the posterior set of secretory glands ajpen in the liberated miracidia. 

The miracidium, after hatching out of the ovum, appears to spread itself out 
somewhat, during which process it seems to he stationary. Thi.s enlargement is 
perhaps due to the release of pressure to which! it is subjectsi while in the egg. 
Very soon, it becomes active, swimming away vigorously in water almost in a 
straight line till deflected by an obstruction in its course. 

The miracidium (Plate XTI, fig. 2), avben killed with five per cent formalin 
solution, 'iS roughly almond .shaped.^ a nonciliated snout or 

papilla with an oral opening at its apex.; The oral opening leads into a short and 
blind digestive sac, fully packed with refractile granules. The anterior secretory 
gland, one on either side of the digestive sac, is rounded, bearing a long duct which 
opens anteriorly at the base of the snout on each side. These glands are packed 
with largo oxyphilic granules. Each of them together with the duct is about twice 
as long as the digestive sac. About the middle of the body, in the median line, 
is situated a rounded compact structure, composed of a number of cells filled 
with fine basophilic granules. This is the posterior secretory gland from which two 
ducts, one on each side, appear to ari^ and each opens on a short papilla in the 
region of the ‘ shoulder ’ referred to above, There is a ring of nonefliated cuticle 





Fj(J. 3. — Fhotoiilierograpli of Ovum 
Note the lienninal cells inside miracidivim 
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PLATE XII 


Fio. 1. — Ova of S. suis in the faeces of a dog 

A. Lateral view of ovum ; B. Dorsal view of ovum ; C. Ovum witli Miraeidium in 
it ; D. Shoulder referred to in the text 


Fig 2. — ■Miracidium. 

A. Glut ; B. Anterior Secretory gland ; C. Posterior Secretory gland ; D. Germinal Cells ; 
E. Flama cells ; F. Refraotile bodies, nature of which is not known ; G. Opening of G 
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round tlie body of the miraciditmi at this region. Another similar ring is seen 
round the region of the excretory pores in the jDostorior third of the body. In the 
body of the miracidiuin are found a large number of polyhedral germinal cells 
[Plate XII, figs. 1 (c) and 3]. The cuticle shows an inner lining of rows of 
tiny cells, the germmal epithelium. 

The excretory system consists of a pair of flame cells on either side of the 
mesial half of the miracidium. The anterior flame cell is situated in a level with the 
posterior secretory gland and the posterior flame cell is in a level with or a little 
behind the excretory pore. The tubule from each flame cell unites with its fellow 
from the opposite direction just behind the posterior secretory gland. The common 
duct thus formed, after looping to some extent, opens in the excretory pore on the 
margm of the posterior third of the body. 

Some interesting features in the anatomy of this miracidium are the absence 
of the ciliary girdle and the presence of some refractile bodies, about three in the 
visual section or six in aU, around the digestive sac. These bodies were found to 
move witliin certain limits and their nature and function are not known. Such 
bodies have not been observed hitherto in the miracidia of the other species of 
schistosomes studied by the author. A comparison, in a tabular form, of the pre- 
sence and location, etc., of the ciliary girdle on the different miracidia is interesting 
and the following table gives the necessary details : — 

Table I 


Name 

of 

species 

Presence or 
absence of | 
ciliary girdie i 

1 

No. of groups 
of cilia in 
t-hc girdle 

Situation 

Name of author 
describing it 

aS. haematobium , 

Present 

1 Not mentioned 

Just anterior to 
excretory pores 

FatJSt quoted by 
Paust and Me- 
leney, 1924. 

Do, 

Do. 

Described as 
stationary 
bail's 

A little behind 
3/5 of body 
length from the 
anterior end 

Gordoxi and his 
collaborators, 
1934. 

aS. mansoiii 

Do, 

Do. 

Do. 

Do. 

S* spindalis 

Do, 

6 to 8 in the 
visual section 
of the miraci- 
diuin 

; A little behind 
i the middle of 

1 the body 

Hao, 1934. 

jS". naaalia 

Do, 

10 to 12 in the 
visual section 
of the miraoi- 
dium 

' About the mid- 
dle of the body 

Do. 
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Table 


Name 

of 

species 

Presence or 
, absence of 
ciliary girdle 

No. of groups 
of cilia in 
tlio girdle 

Situation 

Name of author 
dosorihing it 

S. iaponicum . 

j 

Absent . | 



Faust and Mele- 
noy, 1924. 

S. stds . 

Absent 

There appear to 
be six rofrac- 
tile rounded 
bodies around 
the region of 
the digestive 
sac. 


Present author. 


From the abOTO table it is seen that tlie miracidia of 8. japonicum and of 8, mis 
do not possess a ciliary girdle and though, to that extent, there is similarity between 
the two, yet they are two different species according to Bao and Ayyar [1935]. 


The dog in question is imder treatment with sodium-antimony tartarate and 
the result is awaited. 

SUMMABY 

1. An. indigenous case of dysentery in a dog due to schistosomiasis in the 
Madras Presidency is recorded. 

2. It is concluded, from a study of the ova, that the infestation is due to 8. 
[Bao and Ayyar, 1934]. 

3. The miracidium obtained is described. The interesting points in. its mor- 
phology ai’e the absence of a ciliary girdle and the presence of six refcactile rounded 
bodies in the region around the digestive sac. 
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A PRELIMINARY STUDY OP THE INFLUENCE OF 
ACCESSORY FACTORS ON THE PRODUCTION 
OF MILK BY INDIAN GOATS 

BY ' 

K. P. Pv. KAPvTHA 

Animal Husbandry Bureau, Imperial Gouncil of Agricultural Besea'^ 
(BoooivG(i for publication on 9th April 1937) 

(With seven taxt-figmos) 


This quantity of milk yielded by an animal in a lactation is not a. 
single entity ; it is the resultant of a ooinplex of forces. It is of very great interest 
to the practical breeder to know what factors affect the yield and how and to what 
extent thej^ influence the yield. A knowledge of this will enable him to assess 
tlie true economic -worth of his animals and to coiitroi the various factors, as far 
as it lies in his power, in such a way as to get the maximum return from his stock. 
It will also help him to explain the underlying physiological processes. 

An attempt is made in the following pages to analyse the available data 
regarding goats with a view’ to study the influence of various environmental 
factors on milking efficiency. Although India possesses a population of forty-nine 
million goats, goat-breeding is in the hands of illiterate villagers vt^ho do not keep 
records. For accurate records wo have to turn to the farms where organised 
breeding of goats is carried on. Unfortunately vsuch farms are rare and as the 
wmrk has not boon in. progress for a long time the data available are not sufficiently 
voluminous to yield conclusive evidence. The reliability of the conclusions 
presented below is limited by this fact and they should be considered tentative 
until confirmed by results from other farms. 

The data are obtained from the records of the Government Cattle Breeding 
Farm, Hissar. These records contain all the details which are usually recorded 
in the case of cows, viz., dates of birth, dates of calvmgs, lactation yields, days 
in milk, days dry, yield at peak, average daily yield, etc., etc. For convenience 
of manipulation the relevant details are copied on cards ; one card is used for 
each lactation and the flgisres are entered in a certain, fixed order so as to avoid 
the labour of copying the headings, These cards are dealt out as required by 
the particular investigation. 
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The herd consists of 175 goats ; hut in some of these all the information is not 
complete ; rejeeting the latter only 103 animals arc available for this study. 
These 103 animals comprise a total of 234 lactations distributed as follows accord- 
ing to age : 


Table I 

Distribution of lactations according to age 


Age in lactation 


i No. of lactations 

PercGirtago of 
total 

1st lactation 




103 

43*63 

2nd „ 

• • 



62 ■ 

26*69 

3rd „ 

* , 


• i 

41 

17*61 

4th „ 

, * 



20 

8*68 

6th 

• 

. 


8 

3-61 



Total 

• 

234 

100*00 


Average age ; 2*0085 lactations. 


It will be seen &om the above that the majority of the goats are very young. 

The distribution of these 234 lactations according to the month of kidding 
is set forth in Table II. 

Table II' 


Month of kidding 




No. of 
lactations 

January . 


« • 


. 20 

February 


* * 

* « ’ # 

. 24 

March 




. 16 

April 


• * 


. 16 

May 


• • 


. 11 

June , . 


* • 

• • * 

. 21 

July 




. 7 

August . 

• 



. 29 

September 


. . t 


, 10 

October , 




. 29 

November , 

■■ • 



. 19 

December 

* 

• 

. 

. 32 




Total 

. 234 


Though the distribution is not regular the table vaguely indicates that kid- 
dings are more frequent during October to February than March to August. 





INFLUENCE OF ACCESSORY FACTORS ON MILK BY INDIAN GOATS 


Tile distributions of the lactation yields, lactation lengths, service periods 
and dry periods are given in tlio form of frequency polygons in Figs. 1 to 4*. The 
means, standard deviations and coefficients of variations of these characters are 
given in Table III. 


75 125 225 325 4.25 525 625 725 825 925 1025 

Yield oe milk — lbs. 

Fig. 1. Frequency distribution of lactation yields 


Service period — days 

Fig. 2, Frecjuency distribution of service periods, 


* To economise space the tables are not reproduced her§, 
from the correlation Tables IX to XI. 





rGTH IN DAYS 
ibution of lactation, 
ngtlis 
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Table III 

Statistical constants'* of distribution of lactation yield, lactation length, dry iperiod 

and service period 



Name of constant 

1 jactation 
yield 
lbs. 

I.<actation 

length 

(days) 

l ' 

Service 

period 

(days) 

Dry 

period 

(days) 

Mean . .. ,, a . ■ 

Standard Deviation . . . . 

Coefficient of variation . . 

403-0 

171-4 

42-63 


162 -64 
60-64 
33-19 

. 127-94 i 
81-38 
. 63-67 

1 119-24 

i 74*08 

62*16 


It will be seen from the coefficients of variation that the ‘ service ’ and ‘ dry 
periods ’ are highly variable. 



I. The inflitenob oe the season of kidding 
The frequency-distributions of lactation yields, lactation lengths and service 
periods of lactations commencing in the various months of the year are given 
in Tables IV to VI and the averages of these characters for the various months 
are entered in Table VII and illustrated m Kg. 5. 



* The standard errors of these are not calculated as tliey are not mad© us© of in 
tliis paper. 
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Table 

The influence of season of kidding on ladniion length 
Frequency distribution of lengths of lactations commencing in different months of the year 
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Table VII 

Influence of season of Icidding. 


Month of ki<.lding 

No. of 
lactations 
averaged 

Average 

lactation 

yield 

Average 
days in 
milk 

■ 

. . 

Average 

soi’vico 

period 

Average 

daily 

yield 

from 

kidding 

to 

kidding 

January . 


20 

425 

188 

138 

1-647 

February . 

. . 4 

24 

425 

170 

152*6 

1-407 

March 

. . • 

16 

428-1 

. 172-6 

166 

1-358 

April 

. * 

16 

428*1 

161-25 

121*26 

1*679 

May 


11 

379-5 

137-3 

162*7 

^ 1*214 

fl lino 

• » 4 

. 21 

361*2 

118-4 

92-9 

!■ " 4:44 

J uly 

, . . ■ . » ■ 

7 

360*7 

124-3 

84-3 

1*543 

August 

. . fl 

29 

468*1 

140-4 

112*1 

1-786 

Scptenibor 


10 

280*0 

A. 32*0 

70-0 

A*273 

October 

' ' » . # ■ 

29 

312*9 

131-4 

. .104 -5,' 

.'1-227 

November 

• • ' ■' 4 

19 ■ ■ 

425*0 

167-9 

140-5 

1-461 

December 


32 

446*9 

170 

166 

1-466 


Total 


234 


403 


152-64 


127-941 1-45 


It will be seen from tlicse that kicldiiigs are not tlisiribnted over the various 
Dion tbs in any regular order, except that in the months of IMay, July and 
September thoj" are less frequent. Greatest frequency, however, occurs during 
the season October to February, showing that tho period M'a^^ to September is 
nioro fivourablo for conception than the remaining period of the year. Tho 
larger frequencies in Juno and August eanuiot be oxiilained properly ; but for 
these two irregularities the goats may generally be said to be prone to freshening 
during the winter months. 

With the exception of an irregularity in August, the average lactation yields 
are generally above the average of the herd for November to April and below the 
average during the remaining six months. But the average lactation lengths 
and service periods follow the same trend- The goats kidding in May to October 
conceive quicker than others and consequently go dry sooner. This necessarily 
makes the lactation lengths shorter and the average lactation yields lower. (The 
mfliienee of lactation length and service period on lactation yield is examined 
in a later section). But a lower lactation yield does not mean lower economic 
efficiency. That animal is economically most efficient which yields the largest 
quantity of milk during a given period of time, and when lactations are studied 
the economic worth is best measured by the average daily yield during each 





Table VIII* 


Correction for month of kidding 


Correcjtioii 
per cent 


Month of kidding 


January 

February 

March 


August , . . . . . . . • • —Id* 91 

Septeinber . . > . . .. ... +43*9 

October . . . . . ... . . +28 "7 

November ......... — 5*18 

December — 9*84 

The paucity of numbers in the different months limits the value of these 
corrections. With the exception, ho^wever, of September and October bidders, 
the correction is not of considerable magnitude. 
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Influence of sebyice periob 


Table IX shows the correlation between ser\-ice jieriod and iactatioii yield. 
The ooelfieient of correlation is as low as 0-2658 which would scorn to indicate 
that service period has little or no influence on the yield of milk in a lactation. 
This is contrary to espeTience. The explanation lies in the fact that the duration 
of the milking period is dependent not only on pregnancy but on other factors 
as well-goats seem to go dry early in lactation even though they do hot happen 
to be pregnant. This will be clear from Table X. 

It is seen from this table that in quite an appreciable number of cases the 
service period exceeds the lactation length, showing that at least in these cases 
it is not the advance of pregnancy Unit is responsible for the cessation of lactation. 
The coefficient of correlation hotwoen lactation length and service period is only 
0-4037. This confirms the fact Ihat pregnancy is not the solo factor that deter- 
mines the. length of milking period. From the records it is not possible to find 
out wiiich of the animals have gone dry owing to the advance of pregnancy and 
which for other reasons. The other fax-tm-s that conceivably influence- the length 
of milking period may be sicknoHS, the plane of nutrition, etc. This requires 
a separate investigation. The length t>f lactation has a marked effect on tlie 
lactation yield. This will be seen from ']?able XI. 



influence of accessory factors on milk by INDIAN GOAT 



;'SaA. 
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inflt;e?vce of accessohy factors on Milk by Indian goats 


Lactation' T-ENOTH — days.' 

Fig. 0 . R.el 0 ,tion of lactation yield to lactation lengtlii 


yield corresponding to an incfeaso in the length of lactation. It will he seen 
that the curve cuts through the data feiriy well. The regression equation shows 
that, on an average the yield of milk in a laotatioii increases at the rate of 2 ‘ i8 lbs. 
per day increase ra the length of lactation. The equation obtained is-r— ^ 


where Y is the lactation yield in lb, and x the length of milking period in days. 
There is a fundamental fallacy in assuming a linear relation between the two, for 
this would show that the yield goes on increasing indefinitely as the lactatiem 
is prolonged and that tliere would be some yield even if the animal does not re- 
main in milk for a single day. But ordinarily such extremes are not met with 
and corrections based on this equation can be ap]died mthiii' easonable limits 
of lactation lengths that are found in practice. A better method of obtaining 
figures of correction would be from the lactation curve based on the knowledge of- 
persistenoy. But a,s this is not availablo the following are given tentefavely. 
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'■■■ Table,. XII' 

Correction for Indaiion length"^' 


Lactatioa length in dar.« 


Percentage to be 
added to or sub- 
tracted from laiila- 
tiori yield to obtain, 
yield for 150 days 


60-™ 79 .... 

. , 


— : 

V, 78.,, . 

80~" 99 .... 



■ ■ 

100—119 .... 


• 

,28 ' 

120—139 .... 



',■■12 

140—159 .... 

■ '■ „ ■■ 

: 


160—179 .... 


• 

— lo"; 

180—199 .... 


* 

—18,', 

200—219 .... 

. 

• 

... —26^ 

220—239 .... 


. 

—31 

240—259 .... 



. „ ,, —36 , 

260—279 .... 



—40 

280—299 .... 

• 

. 

—43 


The influence of age and dry period is not examine 1. As the majority of the- 
goats studied are first bidders no preceding di*y periods arc available in their 
case ; and until tliey have remained in the farm for some years sufficient data 
are not available for studying the influence of ago. 


* These corrections are based upon raw laotations and not on those onco corrected 
for season of kidding. Hio working out of aecumte corrections for tho elimination of the 
infiticiico of various factors is a- co.inp]icated matter and should bo done by the method 
of partial correlations. But as this is only a preliminary study and as sufficient material 
is not available for studying all the factors it is not thought necessary to go into greitter 
detail at this stage. What is intended now is only a very rough indication of the ap- 
proximate amount of variation caused by individual factors. 

Wlien corrections for length of lactation am applied, corrections for season may 
be ignored ; for we have already seen {vide Table VTEI) that (1) except for September 
and October ladders influence of season is not considerable and (2) part of the iafluonc© 
of se^oh is due to diSerenco in lengtlis of lactation. 
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Lactation yiekl 
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SUMMAEY- 

Data arc presented, showing tlie influence of season of kidding and length 
of lactation on lactation yields of goats ; and corrections are worked out for 
elimitiating the effect of these factors. It is found that excepting in the case of 
September and October bidders the corrections in respect of season are not of 
considerahle magnitude. Length of lactation has an appreciable effect on the 
magnitude of the lactation jdeld. 

Goats are found to go dry very often for reasons other than pregnancy. The 
influence of service period could not, therefore, be ascertained. 

SufScieiit data are not available for studying the influence of age and dry 
period. 

The limited material available goes to show that the optimum kidding in- 
terval for goats is eight to nine months, which corresponds to a service period of 
three to four months. 

The volume of datft being very limited, the conclusions drawn are only tenta- 
tive. 
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REGENT DEVELOPMENTS IN TRE CHEMISTRY OP 

VITAMINS* 

■ ' BY 

B. B. BEY, M.So., B.Sc., EXC. . .. 

Professor of Chemistry, Presidency Collcfje, Madras and Honorary Reader in Chemistry 

to the University of Madras 

[Reprinted from The InJi.in Medical Jou'nal, Vol. 31, Xo. 1 , Jarmary 1937] 
GENEEiL O.BSEEYATIONS 

The subject of vitamins is now a very common, one. Even a non-scientific 
man knows about it. These vitamins at one time were considered to be some- 
thing abstract, whoso actual chemical entity -was very doubtful and I tliink I 
carii say that many well-known men of soionee used to bo rather sceptical about 
the real existence of vitamins. Our requirements are complex. Mere food with 
nitrogenous substances like protein, etc., will not supply enough to keep us i^imc- 
tionmg normally. We must liave certain things more which w'o call accessory 
factors. The so-called accessory food factors wdiich. liavc not been lieard of by 
the preceding generation and wdiieli were rtigarded 25 years ago by men even 
in scientific circles as elusive and imaginary bodies liave now^ been proved to be 
definite chemical entities. 

It seems that we require some li-aining with regard to our food, otliei'wise 
we feed ourselves wrongly and acquire some disease. Without vitamins we 
suffer from certain diseases. If we take too much of tliera, wo suffer from some 
other diseases, which are known as ‘ Hypervitaminosis one exampk* of this 
beii.ig rickets. If you want tlie formation of heavy and strong Tioiies yon want 
a lot of vitamin B, but if you take too much of it you get pains all oi'ox the- body. 
One of the worst effects of ’ Hypervitaurinosis ’ is the calcification of the entities — 
they become complete!}' calcified ami that results in a dreadful disease ivhioli 
was unknown to our forefathers. I'he isolation of vitamins in. the pure state 
has introduced a now source of danger, namely the opportunity it li.a3 given to 
humanity, particularly faddists, to load themselves with these vitamins a.nd to 

* Being extracts from his Beadership lectures dolivorod under the auspices of the 
University of Madras on 24th November 1936. 

( 133 ) 



• ; 



TH.E INDIAN JOURNAL OF VETEIUNAUY SCIENCE AND ANIMAL UUSEANDllY 


suffer from ‘ Hj^pervitaminosis i.e.., a r-iurfHt of vitamins, the .symptoms of whieh 
are worse and more to bo di\eadod tlurn ‘ Avitamino.sis ’ or a doficionoy of vitamins. 

It was known for a Ion" time that there were Gert;iin diseases eaosed by a, 
lack of some nntrioiit in oin* food. Thero is somethin" in the food the ab.senoe of 
which causes ns disease. This vitai-un detleioney has been traced to eertai.'t 
very coTuinon disease.s. It sometimes talie^ tlio furm of bcri-lumi, whUi i< very 
oommoii in India, particularly among idie poyiulations who use rice as their staple 
food. Beri-beri is caused by the lack of a eertain type of vitamin. Rickets 
is also caused by the absence of a particular rdtamin, : We have a common disease 
known as scurvy which is a skin disease, and which is found to be caused by the 
absence of the particular vitamin C. There is a curious resemblance of vitamins 
to the hormones and the enzymes in the physiological activity when occurring 
in minute traces, but the vitamins differ from the latter, inasmuch a.s they can- 
not apparently be synthesized by the body and have to be obtained from some 
outside source. Thus there is an element of change in the matter of supplying 
the essential vitamins in our foods which explained the occurrence of such, diseases 
as mentioned above, affepting the human race Inmught up oil highly artificial diets, 
although the primitive man, with his simple habits and tastes and healthy instincts 
for natural food, had no difficulty in obtaining all the essential vitamins in his 
food, ■ ■ 

It Avas Hopkins who first laid the foundation of quahtitativo niitri^^^ 
just before the war, so that really the snbjeofc of nutrition is hardly 25 years bid. 
The employment of this method of animal feeding experiment in a strictly quanti- 
tative sense has revealed tlie existence of quite a number of hitherto unrecog- 
nised members of the different types of vitamins and led: to our present know- 
ledge of the subject. Tins work lias been taken up by other workers in different 
])arts of the Avorhl, The same method is adopted in India in the Goonoor Nutri- 
tion Institute, 

Tiiere. arc a fcAv other workers in India, not very numy, carrying nutriti^^^^^^ 
work. Either rats, guinea ]ugs. or pigeons Avhioh are available in large nmubers 
are found suital.'lo a.nimals for ex|KTimc-nla1ion. [Striking progn^ss lias been 
made jKVssible only by the iniernational oo-operafi\'e off mIs of teams of Avorkcr.s 
qualified in such diveu’so subjects os medicine, nh>'siology, organic ciremistry. 
physical clicmistry and evum .statistics. 

The six vitamins regarding the chemical identity of whicli there remains little 
or no doubt at jtrosent, have boon named A, lb, B.j, Ct 1> and E. I will tell ym 
briefl}’' the sourt-es of each and tho motliod of eoucontrafcion and also the manner 
in AAhich they are tested, both ohomically and biologically. 

Vitamin A is found in all kinds of calorial matter, in fruits and also in milk 
and butter and in certahi oils ohta.med from fishes like cod, halibut or other sea- 
fish. It has been found that sea-water-fish liver contains a fairly large amount 
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of vitamin A. The vegetable sources are jilantains, bananas, tomatoes, carrots, 
spinach, apricots, litc, Aiiricots arc considered recently by American workers 
to be the best and the rioliest source of vitamin A. 

In a Goncentra-f-od form i itamin A is prepared cliiefly from cod -liver oil. Here 
we have national patriotism. An amusing example of this is afforded by the 
rival claims of Professors Drummond and Hikiitch who, on behalf of the British 
Empire Marketing Board, had emphasised the unrivalled medicinal value of the 
cod-liver oil produced in Scotland and New-foundland, whilst the Norwegian 
workers claimed their cod-liver oil to be superior and to possess twice the potency 
of the New-foundland oil. However, it is gratifying to learn that the Indian fish- 
liver oils particularly that from “ Vetki ”, a fish quite common in the Madras 
market, are much superior to the cod-liver oil in this resjiect. 

x4n Indian chemist, Guha of Calcutta, published results of his work on vita- 
min A, by the expedient of measuring the intensity of the blue colour developed 
by mixing the liver oils with antimony trichloride in chloroform solution under 
standard conditions. I wish you can find out the conceEtration of vitamin A 
in the particular substance. The method that he used, was very and can 

be carried out by any person vdthoiit any training. The of the fish was taken 

out, thoroughly grou sulphate or hydro-sodium sulphate and 

this powdered dried substance was wbighed and extracted rapidly with ether. 
It dissolved in antimony. The substance was dried and it was spontaneously 
evaporated under an electric fan leaving a deep yellow oil. He took 4 c.c. of oil 
and dissolved it in 4 c.c. of chloroform and treated tills with the solution of anti 
rnony, left for 30 seconds ami in this way lie obtained the following results : — 


Vetki (Lates Calcaufex) ..... 284 Carr. No. units. 

JRoMi (Labeo Boliita) ..... 227 Do. 

Mngrac (Cirrhive Mrlgala) .... 174 Do. 

Kalla (Cutla) ...... 109 Do, 

(Chigia Itisha) ..... 69 Do. 

Cod 5 Do. 

Halibut ....... 614 Do. 

(Jour, of Med., Chir. ,See., 1933-~P. 364-366). 

I have been asked by a worker in Bengal whether the ghee which W'e make 
by clarification of butter does contain the whole of the vitamin which was present 
in the butter in spite of ouf having boiled it at high temperature on the oven 
for the preparation of ghee, but this gentleman was of opinion that the vitamin 
present in the butter is lost in the prejiaration of ghee from butter. Of course, 
I do not know how far his experiment is reliable, but it is interesting to know 
more about it, particularly because it concerns all of us, W'ho depend upon ghee 
as a very important constituent of our food. 
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Frolonged 'Yitamia A dofieioiwiy producoH disna^GH of tho uerA^oiw ?:yAicni chiefly 
of tile mucoii!^ mooibram^ and la'4tl\% l.>y no nicanx tiu^ it. (laitvS {,he perHon 

who is suffering from this clefieiency to lie readily atha-cdccd by infectious disoases. 

Vitainin B is always found on the outer surface chiefly in seeds, cereals, grains, 
pnlst^s, etc. It is found in the embryo of the seed and not on the M-hob of the 
seed. In the ease of rice it is the main bulk which we eat, but the emliryo is a. 
very small part and this embryo is simply lost during the milling find polishing 
operations. If you want polished or milled rice, it is mostly deprived of the 
embryos and it is vitamin-free anti there lies the danger of jiopulations depend- 
ing on this rice as their food, suffering from deficiency diseases caused by the 
lack of vitamin Bj, chiefly beri-beri. Vitamin is found in eggs, particularly 
in tho embryo tissues, also in fish livers, fruits, cdiiefly figs, grn.pes and lastly it is 
found in that wonderful sulistance called “ yeast ”, Yeast is now tho chief source 
of this vitarain. Vitamin Bi has been prepared in a pure condition from yeast. 
There have been schools of workers on vitamin Bj throughout the world. All 
these workers prepared almost simultaneously crj^stallinc hydrochhwifle. It 
was really wtinderful how each arrived at the same result almost at the same time. 

The biological assay of vitamin Bj deficiency wa,s established recently, by 
the electro “Oardiograpliic method of Harris of deiermining tlic heart heats of 
rats suffering from vitamin deficiency and the careful study of the conditions 
under which they de'relop. This method has proved invaluable in identifying 
the crystalline vitamin Bj hydrochloride, synthosixed by Williams a few montlis 
ago with the natural vitamins, the method of measuring tlie resistance of the ('apil- 
lary walls of the skin in vitamin G deficiency by observing the minimum pressure 
required to produce haemorrhages in tlie skin under standard conditions, the 
calcification or “ lime test ” of McCollum, based on X-ray exainiuation of the 
bones of puppies, etc. Although these appear to ho raiher complex and difficult 
to carry out, tlie experimental technique has been, poilectcd to sucli an ex(.ont in 
individual laboratories as to make these well -defined quantitative tests of grt'al 
accuracy serve to detect and estimate the nearest traces of particular vitamin 
occurring in different food- stuffs. 

The most interesting fact we have recently coneeraing vitamm Bg, the growth- 
promoting factor, is its identification with certain organic compounds which 
are called flavines. These are nitrogenous organic matter which have been found 
to be characterised by the yellow colour. I may tell yon that ghee-yellow con- 
tains flavine. It will be surprising to know how ghee contains flavine. It 
does. Mavine prepared from various sources were tested and they ail agreed 
m one oharaoteiistio, namely the yellow colour. Ghee-white has been found 
to give vitamin Bg. 
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Vitamin C has been found chicfl^y in fruits, among which arc oranges, grapes, 
lemons. Seeds contain none, unless they gerraina.t(!. Eggs likcAvise contain none.* 
There is a special variety of vegetable in Hungary kufiwn toclinically as ‘ Vitapric 
This is the richest source of vitamin C, 

The application of the spectroscope in the. study of vitamins has met with 
phenomonal success, most of the vitamins being found to give very eharaeteristic 
absorption bands in the ultra-violet region of the spectrum, the intensity and 
persistence are found to correspond quantitatively to the amounts of vitamins 
present,' 

11. StBUCTUBAL FOBMULAl DB the vitamins a AHI) B 

Although the vitamin problem might Justly be regarded as bio-cliemioal in 
its inception, the interest had widened considerably in the course of the last three 
years and it would be more apjiropriate now to treat them as problems of out- 
standing interest for the organic chemist. 

With regard to vitamin A, two distinct lines of attack had been most fruit- 
ful of results, viz,;, the examination of the oils derived from the livers of fish, ehiefly 
cod and halibut, and the exhaustive study of oertain vegetable pigments named 
" Caroteiibids ” or tipochroines, which had been extracted from such common 
vegetables as carrots, toma.toes, maize, etc. While the concentration of the un- 
saponifiable matter of the liver oils constituting nearly one per cent of the original 
oil and containing all the vitamin activity, by crystallisation, precipitation of 
impurities like sterols and fractional distillation in a high vmcuum led, on the one 
hand, to ihe isolation of a fairly pure specimen of this vitamin, tao intensive 
study of the pigment of eairots resulted on ihe oilier in the isolation of an orange 
red crystalline substance 'uliich was found to have tlie action of vitamin A when 
fed to animals. .Although this ix‘d colouring matter, which had been named 
“ Carotene ’’ and tlio j)urest form of vitimun A were similar in their biological 
notion and also in many of tlieir chemical propertkis such ns destruction by oxida- 
tion and ozonisation and the devclo]!ment of a. blue colour with antimony tri- 
chloride, the recognition that they wctc difierent bodies was not long to follow, 
tlie discrepancies being finally explained by the brilliant work of Moore, who 
during tlie years 1920-31, demonstrated conclusively that carotene was converted 
into vitamin A in the animal body ; it thus became clear that carotene was an 
immedia/fce precursor of vitamiu A and that plants could synthesise only carotene 
but not vitamin A while the animal organisms converted the carotene into vita- 
min A chietly in the liver. The experimental wx)rk on the carotenoids and of 
Karrer’s preparation of pure vitamin. A from halibut liver oil have opened a new 
method of purification of compounds of these types which had been named “ chro- 
matographic analysis ” and which had proved to he of the greatest value in. these 
researches. The method, technique of which, had been perfected by Kuhn, Zech.- 
meister and otherS;, was shown to be, in principle, essentially that of capillary 
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analysis, being baaed on the fact that the adsorbability of a number of allied sub- 
stances on any one adsorbent is frequently susceptible of very fine differentiation 
enabling a separation between them being made which was impossible by other 
methods. This chromatographic adsorption analysis is now the most delicate 
method at the disposal of the chemist for work in this held, the ]>urifieation ol 
vitamin A by Karrer and also by Heilbron and others having been accomplished 
with its aid. 

“ Perhydro-vitamin A ” was synthesised in the laboratory of Kan-or in Ziirich 
and this could be identified with that obtained from the natural vitamin by re- 
duction. (This part of the lecture was lllustraled fidly with lintcrn slides). 

The original vitamin curative to beri-heri, variously known as “Anenrin”, 
‘‘ Tomlin ”, “ Oryzanian ”, etc., has been the subject of much research by 
Jansen and Van Veen in Java, Ohdakc in Japan, Windaus in Germany, Peters 
in England and Williams in America, who had all prepared in their laboratories 
the pure vitamin in crystalline form at about the same time hartlly a year ago. 
A rough idea of the difficulties of experimental work with, this vitamin which had 
been prepared by diverse ivorkers from rice, bran, rice polishings, yeast, etc., would 
be realised from the figures given recently by Peters in a paper wherein he showed 
that 4^- tons of yeast had to be worked up to get about 3 grms. of this vitamin 
under the most favourable conditions. The previous work of Windaus made us 
understand the oxidation products of this vitamin and how the precipitation 
properties and the adsorption curve, s of the vitamin resembled closely those of his- 
tidiue and cytosine respectively. Eurther careful investigations by Williams 
and his co-workcrs of the Department of Physiological Chemistry, Teacher’s 
College, Columbia University, New York, during the last year culminated in the 
synthesis of vitamin Bj hydrochloride three month.s ago, (The various degra- 
dation products of the vitamin and the .synthose.s vnre illustrated with slides). 


I 

I 
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Biologically evidence is growing that vitamin B^ is concerned in some oxida- 
tive mechanism in carbohydrate- metabolism, an attractive hypothesis being tliat 
it played the role of a co-enzyme in an oxidative enzyme .system, c.g., a dehy<lro- 
genase. Highly interesting work on these lines is caraied out hy Peters and his 
collaborators of the Oxford School who had succeeded in demonstrating the accu- 
mulation of abnormal amoimts of lactic acid and pyruvic acid in the brains of 
pigeons suffering from polyneuritis (deprivation of vitamin Bj) and they corre- 
late them with the lowered oxygen consumption of the brain tissue,^ of these birds. 


luture years would reveal many other important aspects of the action of these 
vitamins and I hope, now that their structures have been determined, that die- 
mists would be able to make them available to medicine and biology. 
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. III. VlTAMIH, Bg; 

While synthesis had satisfaetorily settled the identity of vitamin vitamin 
Bo ap]Tiecared to he made up of at least two major components which produced 
diiferent x>hysiological effoct-s, one Iniving the power to prevent or cure the cessa- 
tion of growth while the other affected the peculiar disease known as pellagra. 
While these two factors occur associated together in the natural vitamin B 2 con- 
centrate and are difficult to separate, the important discovery has been made in 
the course of the last three years that the growth -promoting factor of vitamin 
belonged to a class of yellow- colouring matters called “flavins,” a number of wliich 
has boon isolated from different source.-;, c.^r., egg-white (ovoflavin), whey (laoto- 
flavin), liver (hepaloflavin), kidneys (reuofiaviii), and even urine (urofiavin), ■which 
■were all very similar in properties, di.spiaying a strong yellowish green flourcscence 
in aqueous solutions and being generally stable towards mineral acids and oxidis- 
ing agents but decomposed by alkalis and by irradiation. The crystalline orange- 
brown lactofiavin obtained by Kulm from -whey (nearly 1 grm. from 5,400 litres) 
■which repre.sented the most active preparation of the growth-promoting factor of 
vitamin B 2 had been intensively .studied during the last 5 umr leading to important 
developments taking place in tlio chemistry of these flavins. The investigation 
of the products obtained hy the irradiation of laotofiavlnin alkaline and al(;oholio 
solution was followed by the recognition of these bodies as alloxazine derivatives and 
the establishment of their constitutional formulae by syntheses. From these de- 
compositions a complete picture of the structure of lactofiavin was deduced, a 
pentose chain being considered on chemical gi’oimds to be attached to the po.sition 
9 in the alloxazine ring. 

The immediate outcome of the.se researche.s was the identification of tlie 
.natural lactofiavin. with 0, T-dimethyl-fi, d-ribo-flavin by tlio exhaustive study 
tiiC chemical and biological pro])ertics of all the eight possilie sterecs-isomcric 
pentose-flavins which had. been synthesised. The excellent yields of these jiroducts 
obtained by Kuhn and ,his eollahorators by their processes of synthesis and the 
strong growtli- promoting actions eff both tlio G, 7-dimethyl and the 7-methyl-9, 
d-ribo-alloxazines encourage the Iiopo that these would be available in quantity 
for medical practice in tlie near fixture. The interesting discovery of the new 
yellow-oxidation enz^nne in yeast juice by Warburg and Christian has now been 
proved to be made up of lactofiavin pliosplioric ester associatcrl with a protein, 
the growth-promoting factor of vitamin B 2 , thus becoming tiic prosthetic group, 
in Warburg’s oxidation enzyme. It is highly imjiortant to know this relationship 
for a proper understanding of the physiology of vitamin Bg action, inasmuch as 
it appears to indicate that this vitamin is needed for the elaboration of an essential 
enzyme concerned with biological oxidations, which the animal organism by it- 
self is incapable of synthesizing. 

With regard to the other factor of the “ Bg complex ”, namely, the anti-pellagra 
or the anti-dermatitis component, very little is kno^wn as yet about its chemical 
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composition oxeept tint it is fbund to be equally susceptible to inaotiyatioii by 
visihio li.qht. This component is noAv being deal, cfnatotl as vitamin Bg, the old 
■name vitamin B., being reservcl for the growtiiq promoting fa.ctoj' alone. As a 
result of rccont oxporifucutri on the distribution of vitamin Bg, it has been found to 
be present in considerable nmonnts in {isb iunsclo (herring, salmon and ItatklooK) 
and attempts are noir being made to prepare it in a pure condition from these 


Vitamin 0'.'' ' 

The determination of the Kstruotnre of vitamin C and ultimate sjnithesis con- 
stitutod another ontstandiiig chemical trinraph in recent years. One of the charac- 
teristics of vitamin 0 is that of curing a very well-known disease known as scurv}'. 
This disease is chiefly found among soldiers, prisoners and sailors, particularly 
among soldiers who are actiially in a camp and who mostly depend on tinned ra- 
tions, prisoners who are often given somewhat starch food materials and sailors 
who also depend on the food materials wliich they carry in the vessel. The pe- 
culiar characteristic of this disease is the degeneration of the capillary walls of the 
skin. The generous supply of orange and lemon juice and of fresh vegetables has 
been known to cure this disease. 

It has been recognised, that the anti-scorhutic principle is concentrated in fruit- 
juices. Tlie chemical investigatio,u of vitamin 0 began only four years ago when 
several workers in different parts of the world independently and almost simul- 
taneously recognised that the sugar acid isolated in 1028 by the Himgarian 
investigator Prof. A. Szent-Gyorgyi from tlm adrenal cortex of oxen Aviiich he 
called * Hexuronic acid ’ and the anti-scorbutic principle knmrn as Aotamin C 
were really one and the same. The progress made from this time onwards in the 
chemical examination of this malerhd has been amuKmgly rapid, beginning witli 
the discovery of metliods of easy pi'cparation of the substance in quantity from 
a number of sources such as orange and lemon juice ami part ic^flairly from Papihh 
or Hungarian red pojaper fruits, and ending wbh the determination of its chemical 
constitution liy Haworth, Hirst and others in eo-operafcion with Hxcmt-Cyorgyi 
in England, followed Anally by tlm syntheses of l!ie vitamin nearly three year.s 
ago by the two schools of research, one led by Haworth in England and the other 
by Heichstein in lii wither land. Vitamin C has now been named by gtmeral agree- 
ment ‘‘ Ascorbic acid ’V and the contents of tliis acid of some fruit preparations 


Ascorbic acid contents of some fruit preparations mg. j^er grm. 
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Striking and nncxpeotod effects of vitamin 0 have liccn revealed recently by 
c-linical medical exporimontia. It seems tliaf vdtli tlie aid of this vitamin an eilec- 
tive cure could bo obtained of many disease,-! such as ncpl'irifis, liaemophilia, pyor- 
rliooa, etc.j against wliicb medif.-ino and surgery \7er() provinusly lieiplcss. These 
cura,tive olTects in pathological eundilions vdiicli were ruaa;r suspected befoi'O to 
bavo any connection with a lack of vdbuuin seem to bo very sugge.stiAn iniiicating 
humanity to bo suffering probabl^y from a lack of vitruniu (J on a much more ex- 
tensive scale than has hitherto been suppos.cd. It is, thorefore, eoiiKiclered a groat 
triumph for cliemical science tli at in the short space of a conpie of years this mys- 
terious accessory factor of foods had been identified, its structure determined, its 
synthesis effected and finally mad e availaljie for medicine and indnsiiy. 

The recent observations of Prof. Szcnt-G.yorgyi and oilicrs seem to show 
that in paprica, at any rate, vitamin C is accompa,.uicd by a substan ce of similar 
importance and. related activity, particula-rly effective in curing certain acute 
pathological conditions characterised liy a morbid fragility of tlic cap-illar^' walls 
of the skin, -which by careful fractionation and study, has been identified as a pure 
flavon or flavonol-giucosido, Tiioao re,siijts lack confirmation yet, but if found to 
be Ciorreeb, the largo group of vegetable d.3ms known as flavons and flavonols will also 
have to be added to tiie list of substances playing an important role in animal life. 

IV, Vitamin B 

Although the jiroblcm of the chemistr}'' of vitamin I) had been attacked only 
some seven years ago, the special deficiency disease, known as rickets for ’which 
this vitamin was the specific cure, liad iiecn rccagniscd much earlier, the condi- 
tion being principally one of weakness and nndformation of the bony structures 
as might be seen by the deformity of the leg bones aiul better by means of .X-rays, 
which revealed a curious coarse structure and frayed. ap]iearanee at i,he ends of 
the bones indicative of imsni.i.sfactory caicifleution. .lv,aj>id advances in the study 
of rickets were madti at the time of the Oreat IVar -^vl’icn, on aoemmt of various 
circumstances and particularly of tlio blockade of Central .Kurope, these defi- 
ciency disoaae.s, pa,if,iouJarly rickets among children, became very common in those 
countries. The scientific study of rickets was first made possible by Melhmby in 
England who experimented with puppies, and sliowcd how this disease could be 
jiroduced in the puj)pics at will, certain dietary factors {.ircscnt in cod -liver oil 
and to a lesser extent in l;>uiier being found to play the primary part in curing 
this diseaKse. The confusion which arose from the similarity of distribution of 
this anti-rachitic factor for dogs and the growth-factor known as vitamin .A was 
cleared up by the experiments of the American Avorkers, iShermaii, McCollum and 
others, who made the interesting diso(jvery that when the cod -liver oil was heated 
in air at IDO degrees, the growth-promoting factor ‘ A ’ was destroyed, while the 
anti-rachitic factor remained. Vitamins A, B and C having already been recog- 
nised, the new vitamin was called Vitamin B. 
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A new and ratlier disturbing factor was introduced into the scientific stiuly ol 
human rickets in 1910, with the discovery that the disease could bo cured isi child- 
ren by exposing them to ultra-violet radiation and the realisation which Game with 
it that many hitherto unexplained ohaervations on human rickets, such as the 
seasonal increase in this disease in late winter and early spring after deficient sun- 
light, its high incidence in Northern countries with less sun-light and in slum 
children in smoky cities, could be best correlated with this discovery of the cura- 
tive effect of sun-light. There were thus two mysterious indeterminates in the 
picture, namely, the vitamin D of cod-liver oil and ultra-violet radiation, and this 
led to various speculations, one of the most attractive and popular theories being 
that ultra-violet radiation synthesized this vitamin in the body of the animal. 
The right trial was blazed at last by the experiments of Hess, Steenbock and others 
in America who made the important observation that food freed from vitamin 
I) could be endowed with anti-rachitic properties by irradiation. The progress 
of the search for the particular constituent of the food which was activata.ble in 
this way, reaultmg finally in the discovery that it was the natural sterols chole- 
sterol in animals and phytosterol in vegetables— associated with the fatly parts 
of the food, was one of the fascinating romances of modern bio- chemistry. 

With this identification of vitamin D with the irradiation product of a sterol, 
vitamin D entered the stage of a chemical problem and the general features of the 
molecular structure of sterols characterized by a system of four reduced carbon 
rings (cyclopenteno-phenanthrene) with one or more unsatiirated linkages and an 
alcoholic hydroxylic group. The examination of the various natural sterols and 
their activation by sun-light, leading to the discovery of a particular member of 
this class found in fungi known as ‘ ergosterol ’ which was activated more power- 
fully on exposure to light than any other material which had so far been tested, 
marked the next important stage in these studies, ergosterol being identified with 
‘ pro-vitamin D ’. Trom this time onwards three groups of wnrkers in England, 
Germany and Holland competed for the honour of isolating the vitamin ihseif, the 
purified vitamin obtained in a crystalline condition and having praetically the 
same physical constants and anti-rachitic activity being announced by them at 
about the same time. (The methods by which the different preparations were made 
by the English, the Hutch and the German schools, and the separation from the 
distilled crystalline material of a pure alcohol which was named calciferol ”, 
having the highest biological activity of any thing previously tested by fractional 
crystallisation of the 3 : 5 dinitrobenzoio ester, by Bourdillon and his eo-workors 
in the National Institute of Medical Research at Hampstead, London, wnre then 
described.) 

iRaADIATlOlir OF EEQOSTEBOL 

The next advance wns made when it was reaHaed that the irradiation of 
ergosterol produced a series of photo*isomnrides named Lumisterol, Tachysterol, 
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Ca-lciferol and Suprasterols I and II, which formed stages in a continuous trans- 
formation, and wMoh could be isolated by the careful adjustnient of experimental 
conditions and studios. With the collection of this material the eliemistry of 
yitaniiii i) in this sense of structural organic chemistry had Just begun to unfold. 
(The methods wbich had been particularly serviceable in the elucidation of the 
stroctures of these photo-isomerides, such as oxonolysis, catalytic hydrogenation, 
selenium dehydrogenation and addition with maleic anhydride (Diels- Alder reac- 
tion) were discussed in detail and how the constitution of ‘ Calciferol ’ had been 
established with tolerable certainty by these methods was explained with the aid 
of slides). In the light of these findings, the view' w'hich prevailed at the beginning, 
that the active anti-rachitic principle in fish- liver oils was nothing else than acti- 
vated ergosterol, and that all foods and animal tissues which w'ere capable of 
being rendered anti-rachitic by irradiation contained only ergosterol, was shown 
to be no longer tenable, the accumulated evidence indicating the existence of 
many other pro -vitamins although the exact nature of these remained unknown. 
That calciferol or as it might be called the synthetic vitamin D, was different from 
the natural vitamin D of cod-liver oil, had been demonstrated satisfactorily 
by several workers recently and it was now considered probable that any’' sterol 
w^hich contained a conjugated system of etiiyiemc linkages in positions 5, f>, 7 
and 8 should be capable of being transformed into an anti- rachitic factor by 
irradiation with ultra-violet light, a view which received striking support lately 
from an observation made with a synthetic derivative of cholesterol (7 dehydro- 
cholesterol) which could be converted into a highly active anti-rachitic product. 

The NEW ANTI- STERILITY VITAMIN 

We shall now consider vitamin E (Evans) which is prepared from the oil 
extracted from wheat embryos by the usual process of removal of saponifioabic 
matter, chromatographic absorption, distillation in high vacuum, etc. This vita- 
min has been called anti-sterility vitamin. The chemical examination of the 
most active fraction (a pale yellow oil) obtained in this way showed it to have an 
unsaturated structure and to be of the nature of a cyclic ketone capable of exhi- 
biting ketonal changes, with a molecular weight of about 450 and having two 
oxygen atoms one of which could be acetylated. It was fairly stable and could be 
hydrogenated in the presence of palladium without losing its activity but bromina- 
tion, acetylation and oxidation destroyed its potency. Although the successful 
treatment ofsterility in cows and of habitual abortion in women by means of this 
concentrate had been reported recently, the actual function of vitamin E in the 
body was not definitely known, and the important questions as to whether this 
vitamin was related in any way to the numerous hormones which regulated the 
normal reproductive cycle or if the deficiency of this vitamin, was associated in 
any way with disturbances in the functions of the pituitary glands or of the corpus 
luteum had not yet been adequately examined. 
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In conclusion, I hope I have made it clear in ihe discourses which I haro heen 
giving during the past week that a great body of accurate knoM’Iedgo about focKi 
and nutrition has been gained recently through ihe co*operatlvu labours of cho- 
mists and biologists. What only a few years ago were nn'sterious and intangible 
growth -promoting, anti-scorbutic or anti-rachitic properties in gootl food-.'-tuffs 
caused by certain unidentified and probably unidentifiable bodies called vitamin 
and given vague descriptive letters like A, B, C, etc., had now been proved by the 
chemist to be definite organic substances the structural formul;m of which had 
been determined and which, in at least three instances, had been synthesized 
in the laboratory. The consequences of these discoveries could not fail to bo of 
far-reaching importance. Nutrition and food are the first weapons of preventive 
medicine and the clinician of the future would be enabled to prescribe an exact 
dose consisting of a given number of International Units of the sfandartlised 
synthetic vitamins for curing or preventing disease and place the science of nutri- 
tion, W'hich was hardly a science upto now, on a scientific and logical basis. 
Nutrition should be regarded as one of the most important subjects in the present 
day. It is possible for instance by treatment of population with these vitiimins 
not only to cure existing diseases but also to protect them from the ravages of 
dreadful diseases like haemophilia, pyorrhoea, nephritis, or some of the diseases 
like scurvy, rickets and so on. 


ABSTRACTS 


The Ciieai©tlierapy of Birofilaria immith. H.erbeet G-. Johnstone. {Amer. 
J. Trop, Med., 16, 207-224, 1936). 

Studies on the chemotherapy of Dirofilaria immitis were undertaken hy 
Johnstone with the hope of eventually finding some spec i fie reiuvody for the treatment 
of the various tj^es of human filariasis. In an interesting resume the author points 
out that various drugs have been extensively used over a period of years for the treat- 
ment of human filariasis with disappointing results. Numerous cliomotherapeutio 
agents have been advocated, and upon administration have shown promise during 
the initial trials only to be discarded following a more wide-spread application. 

No satisfactory treatment for heartworm was known until a group of Japanese 
workers reported some success with certain antimony compounds. Itagaki and 
Makin [1927] used intravenous injections of sodium antimony tartarate which caused the 
disappearance of microfilariiB from the peripheral blood of seventeen dogs. However, 
living adult worms were found after death of the dogs tested. Wada [1927] treated 
seven dogs with the average dose of O’ Oil grm. of neostibnal per kg. administered 
subcutaneously for ten to twenty times. Microfilarise disappeared from the peripheral 
circulation in all the dogs treated and iii one of the animals a dead worm was found. 
Intravenous injections of carhon tetrachloride and solutions of neutroflavine have 
also been tried with negative microfilaricidal action. 

Philipp [1931] was the first to report good results with Fouadin, a proprietary anti- 
mony compound, in the treatment of heartworm disease. Underwood and Wright 
[1932] reported favourably on the use of Fouadin in four infested dogs. They found 
that heat results ivere ohtained when treatment was pushed to the limit of tolerance 
in order to obtain a maximum concentration of the drug as soon as possible. Popesco 
[1933] treated fourteen dogs with Fouadin with excellent results. The first injection 
Yaried from 2— 5 c.c., and the course vained from four to eight injections over a pieriod 
of five to fourteen days with a total of 10* 5—43 ‘5 c.c. There was a reduction in the 

number of microfilariffi but no reference to the effect of the drug on the adult worms 

was made. In an important paper Wright and Underwood [1934] reported that 
Fouadin is comparatively safe to use if certain restrictions are observed resulting in 
the disappearance of the microfilariEe and the eventual destruction of some or all of the 
adult worms in the heart and pulmonary artery. The drug is contra-indicated in cases 
of organic heart disease or pathologic conditions of liver or kidney. Uestmetion of a 
large number of worms all at once may cause embolic pneumonia or an acute toxemia. 

Pccently Cheu and Khaw [1935] claimed that " Concentrated Fouadin. ”, a solution 
eontaining oieven per cent sodium-antimony III pyrocateehin-disulphonate of sodium 
and calcium, w^as four or five times therapeutically more potent in its effects than 

( X46 ) 
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Foundin used hv ViKkTWood at,d Wright f1932]. Idie author carried out 

chemoiliornpeAiiin^^xperiraents to tost, the eWof largo and oven iuxie eiesos ck i-'ouadm 
Gntheheartwornvof tlie ilogd He came to the that wliennis the drug givm 

intnnuusoiilarlY within ud)o,hiwiodof timc had Marked n.ieroiilarieidnl action, d® 
large an<l oven fatal dnse.s oxofted little or no damaging effeM.s on i ho a<hdl worms. H® 
also tried the effect ? of (‘arh-nrsone, Hexylresorcinal. Trypauhlin* or sodium aidimomte 
mr the heartworra disease of the dog with .negative nlaricidal or" microiihiricidal 
results. Tlia effect of Boentgen ; therapy was also trial on IJ. immiUs in siki wrtii 
disappointing results. 

A useful list of forty referencfss coaehidfti the paper. [H.. I). B,| 


If 


Tiifning sickness, a prolozoan encephalitis cf cattle in Uganda. Its relation 
with East Coast Fever. B. W. M. Mettam and -J. CARMiriUKi.. {Pmasi- 
tology 2H, 254, 1936). 

Tukxixu sickness or ” Vigougoram ”, as natives cull it, lais hcon reported to 
cause damage to oattlo in diffcivTit parts of Itj^auda. In aouP- cas(M «»usel is suddfai and 
animals othorwiso known to be tioalthy develop violent muvams sym]ii(nn>, smdi us spin* 
niug or tnruing in ono direction with lack of coortlinai ion of movtunent, until dizzy, 
when they collapse to the .ground to rise up again within a fmv minutes. Al this stage 
the animal is eojnatoso while salivation may be profuse. IVlusvnlar twitehes at t lie time 
of paroxj^sins are promiiumt. Bespiration is hurried while the pulse is very weak or 
quite imperceptible. The eyelids are wide open, with injected conjunctiva mid dilated 
pupils. Sometimes local hyperaesthesia is also not iccahle. A noteworthy feature of 
the disease is the absence of any fever. At times ccmploto hllndne.ss may ensue whi(‘h 
may bo permanent or temporaiy. Diarrhma has tud been recorded, though in some 
cases there wa.s obstinate constipation. In ebronic eases the animal appears unthrifty 
or poor in condition ; gonorally qnite blind in one or liotii eyes. Turiiing moveuu'nt.j 
are never severe, violent or continuous, Muscular incoordination and sonuiiiines 
atrophy of certain muscle groups has been reported. Iliese protraetoii cases <iie of (Ex- 
haustion and death may be ejuite unexpected. Pathologicalljq in acute cases, petechial 
hiemorrhages or extravasations are noticed in various parts of the brain and meninges. 
Microscopic examination reveals that the brain lesions are caused by tho ONteasive 
embolism of cerebral vossola and. tb© lymphocytes, which form these emboli, show in 
their cytoplasm protozoan bodies whioh ore indistinguishablA in «!truoture from tho 

i'l. In two oases only out of twenty- four, Koch’s bodies 
ylos of the peripheral blood. In chronic cases haamorrhagoa 
n is permanently dAihaged by replacement changes and by the 
oohtaiti-ing eitton-coloured fluid. The disease has 
with. Theileriasis is still 
turning sickness hav-Q 
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abstracts 


Tlse illffereBtlal diagnosis of equine ali©rti®E wit^ reference to a 

liltherfo nudescribed form of epizootic abortion of mares. ' W . W. Dimock 
AND P. R. Edwabds. {The Cornell Veterinarian 26, 231-240, I936). 

The article deals principally with wliat the authors designate aa vims or epizootic 
abortion. Incidentally, iho axithors review the laistory of equine abortion in the XJ.S.A., 
and record brief notes on other forms of equine abortion such as salmonella abortion, 
streptococcic abortion, and abortions dxxe to other miscellaneous causes. 

In occurrence and characteristics, the virus abortion is rather typical of an epi- 
zootic disease. It often assumes serious proportions. 

The diagnosis of this disease must often be approached indirectly through a proc®s 
of elimination. If the fetuses in an outbreak show the lesions described below, no 
bacteria are found in the organs and tissues, and the blood of the rnares that abort is 
negative to the agglutination test for salmonella infection, then the disease is probably 
epizootic or virus abortion. 

The affected mares show no preniouitary symptoms of approaching abortion. 
With few exceptions, the afterbirths are passed immediately, and the mares, parti® 
cularly those aborting between the seventh and ninth month of gestation, do not 
suffer from any ill-effects. They return to normal as promptly as do mares following 
normal parti u'ition. 

Some or all of the following changes are usually found in the aborted fetuses i 
An accumulation of serous fluid in the thoracic cavity in over one-third of the cases, 
particularly in. those thrown between the oiglith and tenth month of gestation ; liver 
enlarged, engorged and of a dark-bluish colour ; numerous s-rnall white degenerated areas 
placed just beneath the capsule of the liver ; congestion, of the mesenteric and colic 
lymph glands ; and hacranrrliagos in. the heart in the form of petechial and lineal areas. 
Occasionally, the first few fetuses from an epizi.'iotic may not show the above lesions. 

Various attempts were made to implant the virus in small animals and to transmit 
the disease to pregnant guinea-pigs and pregnant mares. A mixture of a wide variety 
of material was used to overcome any possible localisation of the virus in one or more 
of the fetal tissues. Mice inoculated intra-cerehralfr with a view to demonstrate a 
ueurotropic virus remained healthy. 

Non-pregnant rabbits injected intra-venously, intra-peritoneally and intra-cerc- 
brally and non-pregnant pigs injected intra-peritoneally also remained healthy. Of 
seven pregnant guinea-pigs, one aborted three immature fetuses and five gave birth 
to litters containing both live and dead ones, Nina pregnant mares were fed and 
injected. Two of these aborted, the fetuses presenting the characteristic tissue changes 
and remaining bacteriologically sterile. 

To prove the filterable nature of the etiological agent, the authors infected three 
pregnant guinea-pigs and ten pregnant mares with filtrates of fetal fiuids and organs. 
All the three guinea-pigs gave birth to dead or inamatura pigs. Threp of th^ roareis 
aborted, th® ot^^r seven foiling noripally, 
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Housing in stalls vacated by an aborted .nare rra/r^Bnl 

same soinco as tJ» infcctrtl mares did not lead to abortion .u pregnant marcs Bnt 

same souict ns Lite- matvs and nlacod in a skill where 

a more given tlic same feed and water as tho infected l , J (broTO 

a maro had aborted and into which fetal membranes of * ^ ■ ^'•to < i " 

and left for two or three hours on each of four cwcasioin aborted. 

AlthouLd, all their experiiuontal eases did not give positive results tho auMr ra 

• Aikion^u lui F to imheato that the disease 

.consider that abortion was produced in a sufficient numDor t 

is infectious and that the infectious agent IS a hlteiable 

The authors recommend the following measures for the -"‘-J 

ti„- isolation, maintenance of hrood mares in small groups and the snboutaneoi. 

. t j.- nP KA in 100 G c of convalescent seruni into all incontact 

or intravenous inoculation of 60 to 1 00 c.c. oi euuNm 

pregnant mares. [V. R. R*] 



Applications are invited for the “ Maynard Ganga Earn Prize ’’ of the value 
of Rs . 3,000/- which will be awarded for a discovery, or an invention, or a new 
practical method tending to increase agricultural production in the Punjab on 
a paying basis. The prize is open to all, irrespective of caste, creed or nationa- 
lity and Government servants are also eligible for it. Essays and theses are 
not eligible for competition and appHeants should prove that some part of their 
discovery, invention, etc., is the result of work done after the prize was founded 
in 1925. The Managing Committee reserves to itself the right of withholding 
or postponing the prize, if no satisfactory achievement is reported to it. Ail 
entries in competition for the next award should reach the Director of Agriculture, 
Punjab, Lahore, on or before the 31st December, 1.938. 
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iNTRODTJCTOEy 

The importance of minerals in the economy of nutrition requires no special 
emphasis. In ordinary feeding practices, the difference in the protein-content and 
energy values of feeds may be insignificant, yet due to a difference in the mineral- 
content some will exhibit definite superiority over others. Thus, Hall and Russell 
[1912 } when investigating the fattening and non-fattening pastures of Romney marsh 
were unable by ordinary chemical analysis to discover sufficient chemical differ- 
ence in the jirotoiii and starch-equivalent values of the two pastures to account 
for the great difference in the feeding values obtained in practice [Li.iton, 1927]. 
The work carried out at the Rowett Institute by Godden [1920] has shown that 
the difference in the feeding values of various pastures is to be found not in the 
content of protein but in fhe amount of CaO and P 2 O 5 . A somewhat similar work 
in Bengal shows that amun (winter rice) straw and aus (autumn rice) straw have 
practically the same energy value, but there is a great difference in their mineral- 
content. It has been found that, even w^hen fed with concentrates, -straw -fed 
animals have always yielded bidter results. An intensive study has, tlicrefore 
been atteinx^ted of some of these aspects under the conditions prevailuig in Bengal 
wdiich may be said to be typical of Korth-East India. 

* Under the grant of the ImjKrial Council of Agricultural R'-s^arch. 
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Itis necessary to gto here a brief outline ot the nature . vno us u^. . - 

North-East India paddy or rice straw is the chief staple fodder Apart f^m ^ 
variations arising ftom soil character, the straw can be broadly divided into b ee 
kinds : (1) elmnn or winter straw, (2) yl«a or autumn straw and (3)^iSom or s . 
straw. The first grows in low-lying or submerged area.,, the secomi m high b ms 
and the third near streams and rivers. The whole paddy area mBeng^ ^ nearlj 
twenty-three, mpun., acres of which^,<^« occupies of J‘',4^_.400 acres « 
per cent:, te« 6,035,600 acres or 26-34 per cent and (loro 41o, WO acres or _ 
per cent*. The present paper deals with the mineral aspects ^ fosUwo and 
particularly of the type grown in the red, acid tracts as represented by the Dacca 

Farm. 

The analysisf of the Farm soil gives about 0 ■ 1 per cent total and 0 • 04 0“,^ 
citric acid soluble CaO, 0-06 per cent total and 0-00.O 

P2O5 and about 0 •075 per cent total nitrogen. Jbe organic matter ah rei i - - 
by loss of ignition is about 3 '5 to 4*25 per cent. 

The data of materials relating to this paper are ineorporafed in the relevant 
parts while the total analysis will be found in Appendices I & II. Ihemioremota- 
ble points are briefly stated as follows -.-Amm straw (which is a crop of ow water- 
logged area) is a coarse dry fodder, varying in its nitrogen-content according to tte 
period of harvesting and nature of storage. It is somewhat low m lime, 
potash and poor in phosphate and nitrogen. 

Straw is cultivated in high lands and appears to be better than 
straw “ lime, phosphate, magnesia and iritrogen. It 

advantage of being harvested at a time when it is still slightlj green. As a r < y 
stated the feeding tests with this straw have been followed with ‘ 

in the ease of aman straw, whether when fed alone or m combination « ith cake. 

is a well-known concentrate rich in protein and phosphate hut 


Bengal, 1917, 
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Napier grass {Pennisefum 'pvrpH.rc:-mn) is another reeominended departmental 
lodder which is a prolific grow'er yielding about double the outturn of Guinea grass, 
but is poor in CaO, rich in potash and also in P2O5. 

Water-hvaointh can ha.rdl.y be classed as a fodder but due to fodder scaridty, 
it is often used and even purchased for feeding cattle in some of the eastern dis- 
tricts. It is rich in lime, potash and chlorine but the poorest in P2O5 among tie 
green feeds tested. 

Ex PERI ME N '.r A L SCH EME 

This has been drawn up so as to conform as far as possible to the nature and 

type of feeding as often used in the countryside. Thus rice straw is fed in some 

cases as an exclusive feed, in others in combination. In the experiments, 
nations were made with rice polishings and also with linseed-cakc, while some vi ■ 
green fodders ha.ve also been inclnded. 

In these calculations, the mineral requirements liave been assumed to bear 
a direct relation to body- weight instead, of its power function as adopted for 
and nutrients of organic origin. The published records so far avaiaie^ o e 
authors appear to be in favour of this procedure. If, however, subsequent in\ es 'i 
gators show that pow'er function is more appropriate, necessary alterations can 
easily be made on these data. 

In order to make an easier comparison all the results have been calcidated 
on a fixed live-weight of 500 lb., which is the average on this side of India, llius, 
on one side the data may be available for more direct practical application while 
on the other, by simply doubling the values, they can be made comparable with 
the .conventional procedure of lOOO-lb. live-weight. 

The chemical analyses have been mainly conducted by the A.0.A..C. method 
with slight modifications here and there. 

The stall arrangements and procedure of metabolic tests verc broadly similar 
to wliat are ordinarily followTd elsewhere. 

The following is a brief outline of the experimental scheme. 

Experiment A. — {aman straAV as a single feed) ; 

Low CaO, low P2O5 and low iprotein. 

Two animab were used. Tliey were fed straw ad lib and the feeding lasted 
for a period of about eigliteeit weeks. On the basis of oOO-lb. ive-weig s, i 
animal received per day about 14 gnus. OaO. 6 grms. P^Oj, 60 to 70 
and 16 to 17 grms. nitrogen, equivalent to about 100 grms. or 3.> ou . p 

Experiment B.—Aman straw and rice Icwa (bran), low CaO, very high 
P3O5, fairly high MgO, and moderate protein. 
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Nine animalB were naed in this experiment whiel. lasted for 

In the mixed feed with straw the ratio CaO : P.CX vaned between U-.I 

or from one-fonrth to ont^-half, f.e. JXD. tvas about u™ to hmr tm« 

CaO Tlie straAV coiiiTibirted the largest sliare iit taO, tlie bliari. of a- 

about one-sewenth onl. of that of straws Yf T tnw Tim 

60 gimsvthe A'ttra contributinp as nuuh us 13 to LO times that "‘ “A j . 
protein may be said to he fairly acieyuate fur niamtenanee. llie nutnt 

froDi 1 > ^*4: to i - 34:. ^ i • i 

Ei-perimnlt C—Amml straw and linseed cake; f'aO still low. ' I’JJ 

thait experiments A un.i B ; MgO also low, thouKh hipiier tlwn m expH™''- ' 
A ; but PjO., protein and energy supply ad«inate. 

In this experiment four animals 10,, D,, Dj and J>, were used and 1 

twclte weeks. The nutritive ratio was about 1 : 17 to 1 ; 19 ‘'"‘"'i’* "A ‘j,',,. 

1 : 22. The nitrogen and energy supply being adeipiate, the b(>haMeii 
rals and their deficiencies were expected to be related to the amounts prescn . 

Experiment D—Ans straw as a single feed : t’aO higlu;r than in ex}KTnn< n . . 
A, B and C, but still slightly deficient, low I’jOj and bare protein. 

This straw as already stated is richer than aman straw in minerals am 
The OaO ingestions varied from 21 to 23 grms. per fiOd-Ih. live-weigi '. 

PoO. was slightly above that of experiment A, being still a low hgnre p ^ 

6 grms.) The CaO : P 2 O 5 ratio was 3-64 and K^O : Vbnrder 

The protein supply as indicated from the nitrogen balance was just on 

line. The nutritive ratio was 1 ; 23 and the experiment lasted for forty-two c ^ . 

Three animals Di, Dg and were used for the test. 

Experiment E—Aus straw wdth half and three-fourth lb. linseed cake . at e- 
quate in mineral, protein and energy supply— in short apparently adequa e m 
all the required nutrients. ^ 1 f^r 

Like experiment!) which was carried out at the same time, it 
fort.y-two days and has the same source of roughage {am straw), but 
former the straw was an exclusive feed, here it w'-as supplemented with linseed ( a -e. 
Altogether six animals were used, three under ^ lb. cake and three under 4 Ih. ca v( 
but since the computations on the basis of 500-lb. live-weight exhibit only 
gible difference they have been grouped together. The nutritive ratio varied from 
1 : 11 to 1 : 14» the CaO : PgOg ratio varied from 2 to 2.46 while KuO ' 
ratio was much the same as in experiment B. Its general adequacy in 
trients provides suitable lines of comparison towards indicating the possible nature 
of requirements. " ■ , 

Experiment F—Amm straw in combination with green feeds. This c..x- 
periraent is really divided into three parts m., 

(!) ITyacinth group, 

(2) Niqui'r grou p, and 

( 3 ) Giiincii gc.i^- group, , ' , 


MINERAL BEQIHEEMENTS. OP CATTLE IN NORTH-EASTV INDIA ^ ^ 

In each, two animals were used. The straw was ad lib in the nioming 
and green feed in the evening. The water-hyacinth is very rich in GaQ 
(3‘42 per cent), MgO (0'96 pe v oeiit), potash {5‘9 per oeat) and Olg (3;48 
per cent), Napier grass is poor in lime (O’ 46 per cent) like straw, but rich in 
potash (4.- 8 per cent), Guinea grass is rich in lime (1- 23 per cent) and fairly so 
in magnesia (0'73 per cent) . Its soda content (0 67 per cent) was the highest 
of all other feeds. 

This experiment was carried out on the same lines as Experiment A and lasted 
for about the same period. 

Experimental Results 

Experiment A . — Low calcium, low phosphate and low protein. This ex- 
periment is a typical instance of how in Bengal an exclusive feed of straw upsets 
the condition of the animals. Of the two animals, lost 63 lb. during the course 
of eighteen weeks while Dg lost 68 Ib. The chief nutrients — nitrogen, lime and 
phosphate — ^were voided more through the faeces than were supplied in the feed. 
The main data are set out in Table I. 

Table I 


Experiment A 


Aman paddy stra,w as a single feed 
{Computed on 500-lb. live-weight) 


! ! 


Animal Nutrients 

No. 


Ailtled Total 


grms. I grins. 


In ] In 1.085 or 

faeces Diilerencei urine I!a lance I gain in i 

' live-" , 1 
■weight 

grins. grins. grins. grina. j lb. 


12 • 984- 1 If) "822 


2 -792 +2 ‘080 ; 

OfrlOO — 20-229 —3-88 

7 -005 -11-123 i 


7-115 I 11-927 


8-31S I -13-980 


1-691 H-7-624 


11-394 : 11-081 


5-803 . -410-723 


6-518 ; 12-212 


-5-580 i 





* 
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As -will be noted, there was an imbalance as much from protein deficiency ^ 

from mineral, in oonaeqnenoe of which the food reqnirementa fell fa short 

of the barest necessity. The dry matter consumption was sundar as in teothe 
experiments with better-balanced feeds but here the utihfaion w-as very poor.^ 

feperimmf 5.— dwaji straw and Eice bran (Xara). Low oalcium, very high 
P2O5, fairly high MgO, and moderate protein, 

During the eighteen weeks over which the experiment was spread ttoee ani- 
mals Di, D, and D 3 maintained more or less the same live-weight but the 

other six ’lost from 9 to 37 lb. weight. The straw consumption feU f™™ 2® ^ 
per cent between the first and last week. No relation can be traced with the rate 

of consumption of rice kura and the live- weight. 

As regards the supply of protein, seven recorded a definite positive balance. 
Of the two recording a negative balance, D.lostan appreciable amount, but hhis 
animal was particularly unthrifty from the very beginning. Leaving out these- tw o, 
the others would indicate that the protein supply was adequate for mamtenanc . 
The energy supply was also fairly adequate, yet the animals generally lost m weight 
and were definitely out of condition. The tendency can hardly he ascribed to an 
insufficiency of energy supply or of protein or to a lower biological value of the 
la,tter as rice protein is credited with a high biological value. The nature of the 
mineral supplies provides an explanation. These have been set up m Table - 
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lOil 


15-494 I 17-379 
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It will 1)0 noted from Tiilile TI that lime ingestion has varied between 15 to 
18 gmis. while phosphate has varied from 29 to 59 grms. This has provided a 
ratio ranging from i ; 2 to 1 ; 4. Tims, tiho proportion has been too wide on, one 
side wliilo on the oihcr, the phosphorus in rice him is present mainly in the .forJii 
of phytin which is not readily assimilated, {aide Discussion). 

I vcgarding the ingestion of lime, it is no donht higher than in Experiment A 
and may be considered as moderate from European st.andard, but cine to various 
factors which will be discnissed iu due course, the lime requirement under rice 
straw' feeding a])])c''ars to he higher and the deficioney has l.)een reflected in a nega- 
tive lime-].)alaiiee for eiglit oed, of nine animals. This lias affect, od the economy of 
other nutrients a.iso ; for instance the amount of digestible carbobydrato assimi» 
lated by the.se animals lias- been dist inctly lower than in the case of tlie straar and 
ca.ke groups. Magee and Sen’s [1931] experijuent on the rat.io of snga.r ditfusion 
through the Avails of a rabbit’s small intestine shows that Avlien caieiutn is added, 
the diffusion increases in rate and becomes sclcctivo for glnciose. Son’s [1933] 
hi, ter experiment with rats show that a dcfie,ie,ncy of calcium in the blood caused 
a large dec'rca.se of sugar absorpt ion from the small intestine,” 8imila,r fa.ctors 
might have been. ro,s])onsibIe here. 

The assimilation of ot,bcr components has also been aOectod. Thus with 
about, the same amount of chlorine under ann straAV as a, single h'ed. (Experiment D) 
ami Guinea grass (Exjieriment F), a])osit.ivc balanc-i'- has bt'cn maintained Imt here, 
eight, out of nine, have recorded a, negative halam'e. The clilorino ingestion is, 
however, on t,he horder line Avhen compared with other combinations. Possibly 
the requiremerii under the riee-X'um-si raw eombinallon is somew'hat higher, or 
po.ssibly there ar(> other factors. 

As regards ]>hosphate ailhougl) the. ingestion here is high, three, out of nine, 
ha,ve rocwdcd a negative balance and a c.Ioko e.xainination sliows that ev<ui under 
a large ingestion a posithm balance bus only been maintained wlien the ingestion 
has been about 43 grms. phospha,te. Yet this a,mount is far too muelj in <'xcesa 
as compared to the ap])roximution of 10 grms, which in the ca.se of more balanet'd 
eombina,tions (Experiment E) seemed to be about the miniinum requirement. 
The eau.se, of it is most probably assoiualed Avith less inorganic ph.o.sphoras and 
high phytin (“ontent., the effect of which (as discu.ssed under lime and phosphate) 
seems to be the eontribut-nry cause. 

In the ease of chlorine, a st,riking feature has been that the urinary excretion 
has been Amry high. In fact, leu, ving out t,he urinary excTeti(.)ns of the Ifyaiuntli 
and Napier group (Experiment F) tliis experiment ac-eounts for the largest urinary 
excret.ion of chlorine l)oth in relation to the proportion and qua,ntity. It ma.y bo 
stated further that, in the case.s wdioro chlorine lias recorded a negative balance 
whether in this or other oxjieriments urinary (-hlorine accomit-s for the major fiari. 
of the excretion. 
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-ith vesi..K.l to ntlHT mine, ■»,!», Urn M;tO inn'^ti™ i« “1'™ 
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r iihio, llnvc rcrardccl a positive iialalice. iUe largest 
al has bc('u iVoin the rice bum. 

v^ii.h rosned, \u pDlash, six lavvc ro.-onied a, posilivc halaiu-D aa<. 
it .c<mL thal und(a- i>adcly-si.ra,w thodin-, when, I1 h> iugeslu 
gvins., tlie iendciK-.y i« lor nogalive ha.laiire. 
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du' chief }>oiui in. this expcriinc.nt is, ho^^■cvcL^, deiuicau-y o 
DspluUe mainly associalcd Avilh rice bum. 
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, i' it ' ^ ,1,1,-, rr-jiilo n il i'liafc the amount of CaO intake ranged 

o£ salbty. Natumlly those animals wlncli 7"'’” t„,, rc„ordod a 

p(.«ilivoWauc«i. wliilo the others conlcl no . ■ , ' , A was luii- 

positive balance and two a negatave i,.r ( aO, to a 

formlv nositlve so idiat the failure in the case ot lime c.an only , . 

SflcLoy. It, however, mdioatos that straw oven when ted with 

quires some snpiiieraeiit of CaO. _ 

The ixitash mgestions varied from S2 grins and were^^dyi^^™. 

i„ the case of magn®^ "neff^r’ to ttl throe, out offoiir. 

when niagnes.iv is d:***®^’ 0 and it seems that the deficiency of 
have recorded negative balance m MgP .mi ^ 2 y j in Ex- 

MgO is an important falser as 
perimeiit8BandE,»iA0stotvba^ 

&p«Wastrawasasi„^ 

cient though higher than in Ixpe™^ ^ 

and energy. 

The main data are set up in Table IV. 
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MINEBAL RiQtlBEMKNTS OF.::CA IN NORTH-EAST IN’DIA 


111 this experiment, the intahe of GaO was about 21 to 23 grins. But two ani- 
mals Pj and Dg have given a negative balance and the same animals have also 
recorded a negative balance for magnesia, while BgO 5 has been negative in all, and 
nitrogen in one. seems to be very thrifty as with a lower inlakc of CaO and 
MgO it has been able to maiiitam a positive equilibrium. 

This experiment is in some respects comparable with Experiment A, in both 
of which the straw was fed as an exclusive feed without any conccniralci. In the 
latter, CJaO, PgOg,. nitrogen and energy supply were all deficient, but in the former 
(he., fius straw) PgOg wns definitely deficient but lime was about one and a half 
times as much as in Experiment A ; yet the tendency of a negative balance still 
■{KTsisied. 

The experiment show'^s that up to the stage of an ingestiou of 23 grins., the 
full requirement of CaO is still unsatisfied. It shows further that avs straw is 
superior to ff maw straw in almost all the nutrients. 

Experiment E. — Aus straw and linseed cake — adequate in all md-rieiiis and 
fairly representative of a complete diet for maintenance. Nutintive ratio much 
a 3 )proximates to European standards for maintenahee. 

So tar as energy and nutritive ratios are concerned, this experiment and Ex- 
])erimcnt C (awa«. straw and linseed cake) provide the requisite conditions. But 
the former differs from the latter in a better supply of mineral requirements and 
Inmce serves as an approximate comparison from varldng stand|;)ointB. The CaO 
intake has varied from 24 to 31 gnus, and the ratio GaO ; PaCs varied from 
1 : (b4 to 1 : 0'47, a.e., CaO was aboutS*! to 2*46 times the 1 ^ 2 ^ 6 * The balance 
figures are set up in the following table. (Table V). 
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MINEEAL EEQIJIEBMENTS :0F CATTJGE IN NORTH-EAST INDIA 

It -will be seen from Table V that CaOj MgO, KgO, NagO and Clg have nrii- 
formly maintained a positive figure in all the six animals under experiment. In 
the ease of PgDs also a positive balance has been kept in five out of six. Only one 
has recorded a negative balance, and this provides a very interesting study. This 
animal (Dg) was the heaviest amongst the lot and Aveiglied 603 lb. during the experi- 
mental period. It had received about half lb. of cake which ■when worked out 
on the basis of 600-Ib. live-weight only provided 3*421 grms, FoOr, from cake as 
conijiared. to higher amounts in the ease of other animals. The result was that 
w'hilc the other animals received to the amount of 11 to 14 gnus, from the 
total feeds (cake and straw), the amount falling to the sliare of this animal was 
9*63 grms. only. This is highly suggestive that the miimnum PyOr, requiremimts 
under these conditions of feeding is about 10 grms, per 500-lb. live-weight. It 
would be worth while to quote here the remark of Theiler and (;heenfI932] that 
“ wlum the phosphorus intake of an adolescent bovine drops to tlie vics’nity of twenty 
grms. PgO 5 jier day on a natural pasture, fatal aphosphorosis will develop in due 
course.’' This suggests a requirement of 10 grms. PgO 5 j»er 500-lb. li\*e-weight 
and is corroborative of our findings. 

E'xqm'immt F—Aman straw and green feeds. As already staled this ex- 
periment is really divided into three parts — Hyacinth group, Hapier group and 
Guinea-grass groupri ^ 

At the outset it is necessary to state that it would have been bell or if some 
more work Avith these feeds could have been done before inoorporaiing this part 
hero. On the other hand, some of the results appear to be highly suggestive and 
their inclusion has been prompted from this consideration. Tliose are submitted 
subject, to this reservation. 

I'be main features in this experiment (Table VI) are an ingc'.stion of high OaO, 
high K.jO with low F 2 O 5 (and also nitrogen) in the Hyarinlli group ; low t'aO 
and higl! KX) in the Napier group ; and high (JaO, medium K„(> and ])()SHibly high 
NugO in the Guinea-grass group. 

In the case of the Hyacinth group, on account of a very low ingest ion of Tbt).- 
(6*5 to 7 grms.) the ratio GaO : P 3 O 5 has varied from 7*34 to 9*02, fc., lime 
has boon seven to nine time.s as much. There is also further imbalance with resjx'ct 
to high potash and loAv nitrogen. The chlorine ingestion has been similar to 
that of Ex})erinient B {ammi straw* and kimi) and like it has recorded a negative 
balance, Tlie pota.sh ingestion is, however, very high — ^iu fact the liigliest with the 
ex(;o})tion of the ISlapier group, yet a definitely negative balance in the two animals 
experimented with lias been recorded. As for GaO, in spites of lieavy ingestion 
(48 to 64 grms.), tlie animals have not been able to otfect a dotinit oly {losit ivai hmlanee. 
Animal 1 >2 has recorded a negative balance in CaO, K^O, NugO, PoOr,, Gl^ and 
nitrogen. Since the loiv ingestion will necessarily be associated ivith negali vm balanee, 
tbe results under PgOg, 01 ^ and N might be what was expected. But the cases of 
CaO and Kj,0 are different as both of them were ingested in heavy doses, yet K^O 
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was all negaiiATc \?liile Italf of CuO was positive and half negative. This 
miglit he due to the resultant effect of a. general imhalanoe under which this feed- 
ing was condnoted. The results iinchw Guinea-grass and Napier groups, however, 
suggest that, in the Hyacinth group, although the general imbalance might be the 
aggravating cause, the very high ingestion of lime, by itself or potash by itself may 
also develop a condition of disturbed metabolism. Thu.s, in the ease of Guinea- 
grass, there was otherwi.so a lihoral supply of almost all components whether with 
respect to protein and ciuirgy or mincrais. Bui. Ga.(> ingestion was considerably 
in excess as oomparod to all other experiments (exi^cfit Hyacinth group), yot the 
results have divided into half positive lialaneo and half negative. In other word.s, 
in spite of such heavy ingestion there was as mucli chance of])ositive balance as 
negative. 

It should he stated that from TCxperimont E, it would appear that a miuinuim 
dose of 24 grms. OaO is likely to cffcot a po.sit.h'^e bidanco. On this liasis, the amount 
in the case of the Hyacinth and G ijineu-g;ra..s.s group.s, lias varied from two to two 
and. a half times as much. Buch a largo amount is not only uneconomic by itself 
(as it would mean a wast(^) but i.s likely to react adversely on tlie metabolism of 
other nutrients. There is thus au illusi ration of this (as indicated from the 
negative balance) in the ca.se of both the Hyacinth and ihe Guine.a-grass groups, 
and even if the former i.s excluded on account of a general imlia, lance in other res- 
pects, the behaviour of the Gninea-gra.ss boiins out that even when other nutrients 
are well supplied, a fauliy proportion in lime, })oiash and po.ssibly soda, is undesir- 
able. Thus the heavy ingevstion of CaO has not only exhibited a tendency of nega- 
tive balance by itself but has also reacted on the .KgO .metabolism. It may be 
stated that wdth a similar <lose of potash in Ex|.K^rimcnt.s B ajid T), a positive balance 
has generally hooai obtained. 

Turning now to tlic Napier group, it- is very low in lime and very high in potash, 
Tn fact, the potash ingestion has been the licavicst, of all other feeds being a.s much 
as 156 to 173 grms. per 500-lh. live-weight. But in spite of this one lias re- 
corded a negativo balance and this combined with low lime ingestion has al.so re- 
acted on the phosphate metabolism resulting in m^gative. balance in the case of 
Dg which ha.s recorded negative balaiuie for (*aO, MgO, K^O, and N. 

The results obtained from the rather limited data on green feeds may be ten- 
tatively summed up as foIinw.s : — ■ 

Guinea-grass is better balanced than. Najiicr and Hyacinth, but it is not advis- 
able to feed it ad Ub as this entails a heavy ingi^stiou of CaO, nitrogen and soda. 
This IB wasteful and might probably also be detrimental. Napier and Hyacinth 
should on no account be fed ad lib., except when the former ha.s been supplementijd 
with CaO and both have had an addition of ca]<e. Hyacinth should always 
be given in regulated closo.s, the doficiencics being made up. Napier is quite rich 
in but Hyacinth is very poor. Hyacinth is really not a cattle feed but lia,s 
sometimes to be used in cases of fodder .scarcity, 
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Discussion 

In the preceding jiuges, tln'rty individual data have been arranged and des- 
cribed under six heads of Experiments (A to F). They represent investigations 
commencing fropi the stage of deficiency (as for instance Experiments A, .B and 
C for CaO) and rising to the stage of adecpiaoy (Experiment E). vSome have 
exhibited instanees of heav 5 ^ ingestion, as for instance .P 2 O 5 in Experiment .B 
and GaO in parts of Experiment F. The combinations were drawn up mainly 
in conformity with the nature of the feeds often used in these parts of India. 

A study of these data will show that in all combinations except the green 
feed groups (Experiment F), rice straw has been the chief source of GaO and 
KgO while P^Og has been mainly derived from the concentrates-—^^^ and fcara. 
Kiee straw has also been the main source of magnesia except in the combination 
with rice hum (Experiment B) in which the major part was derived from the 
latter — about half to three-fourths of the total. In the case of combinations 
with green feeds the greater proportions of CaO, MgO, and K 2 O on one side and 
PgOg on the other, were derived from the green fodders. Guinoa-gra-^s and 
Hyacinth have been responsible for the heaviest ingestion of CaO, V'hilo Napier 
accounts for the heaviest ingestion of KgO seconded by Hyacinth. Guinea-grass 
also accoTuits for the liighest ingestion of soda. It also provided a liberal pro- 
tein supply which exceeded some of the cake combinations under Experimf;nts 
G and E. Napier grass appeals to be poor in CaO (0*4 per cent on dry basis) 
and although the fotlder was consumed in large amounts, the CaO derived from 
it was naturally low. 

If the diffonmt tables are gone through (I to VI) set' up in the. different experi- 
ments, it, may bo noted that the results on balances j)rovide an approximate 
indiciitiou of tlje, mineral rmpiirtirnent. Since lime and })]i()Sphate are the main 
components, the aspect of their requirements may lirsl' bo considered. 






Lime requiremenls 

As already stated the results provide data from the stage of deficiency to 
that of sufficiency ; and this is more strikingly notioeable with respect to the 
behaviour of CaO. Tlie computations on the basis of oOO-Ib. live-weigiit also 
provide a more rational comparison. If the intakc.s of all exf)eriments arc 
assembled with the symbols of their positive and negative retentions (Table VH) 


Is.. 



one can see at a glance that starting from Experiment A uj) to Experiment D, 
the intakes of CaO have gone up from 14 grms. to 23 grms. 
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In Experiment A (with 14 grms. intake) all arc negative, in Experiment B 
(15 to 18 grms. intake) eight, out of nine, are negativo, in ISxperiment 0 (19 to 
21 grins, intake) two, out of four, are negative, in Experiment B (21 to 23 grms. 
intake): two, out of three, arc negative.: In other words up to the stage of 23 grms. 
ingestion of CaO, the general tendency has been dehnitely towards negalivc 
balande. It is only Avhen the ingestion has reached about :24 grms. and upwards 
that a definite positive balance has been maintained. It would, therefore, he 
a reasonable assumption that tmder the c(nuliimi of rim straw feeding the minimum. 
lirmreqm/remeMt is ahoiit 24 grms, per 500dh. Ut'erivmghU 

According to Kellner [1915] ‘' the daily consumption of 50 grins, phosphor io 
acid and 100 grms. lime per 1,000-kg. live-weight sufficiently meet all requin?- 
ments ”. This works out at 22’7 grms. CaO for 500-lb. Iffie-weight. 

In the experiments carried out elsewliere, it will be noted that in Biakow’s 
experiment [1913] the minimum of 0'115-Ib. calciiini (equivalent to 79 ’04 
grms. CaO) sufficed “ to support a not incon.siderable gain”. On the basis of 
500-lb. live-Aveiglit this is equivalent to 34*54 grms. CaO, 

In Cochrane’s experiment, t 0*147 -lb, calcium (equivalent to 03*44 grms. 
CaO) resulted in gain. In Heimeberg’s investigations | [1860] upon the main- 
tenance of cattle a distinctly smaller amount, m., 0* 09-lb. Ca (equivalent to 
57*20 grms. CaO per 1,000-lb. Iive-weight) x)rov:ed adequate for maintenance. 
This is equh*alent to 28*6 grms. CaO per 500-lb. lum- weight.. Wellmann [1031] 
gives the maintenance requirement at 50 to 100 gwina. CaO per l ,000-kg. live- 
weight, which is equivalent to 11*35 to 22*7 grms. CaO per 500-lb. live-weight. 

In India, experiments in these hnes w^ere mainly coiKluctcd by Warth and 
his associates. In one of their experiraents [1932] with ilofariim hay and ragi 
straw the ingestion of CaO (in the case of no supjdement) varied from 34 to 46 
grms. for the former and 52 to 56 grms. for the latter. The supjily a|j})eared to 
be fairly adequate from European slandard, but the intake of pijosjihoric acid 
was definitely low and the authors remarked that “ lime assimilation fluctuated 
according to the amount present in the food ” anti that some loss of lime “ was 
associated with and in some way brought abttut by the loss of jtliosphoric acid 
In suhsefpient trials with joaxir hay and rice straw conducted by two of 
his associates [Iyer and Krishna Ay,yar, 1934], the lime intake varied from 14 to 
18 grms. in joimr hay and 22 to 27 grms. in rice straw, yet wiiiie tiie joirar hay 
recorded jjositive balance, two, out of thr(;e, under rice straw gave negative results. 
The authors have tabulated the two years’ averages from which the following is 
taken. 


* Diaho-\v. Lfindw. Jahrb, 44, 833. "] 

■f Cochrane. Penna. Inst. An. ISTutm. unpublished results. )-eited by Armsby. 
i Honneborg. Beitrag, otc.. Heft, 1 (1800) p. 113. 
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Balance 


Bolarum liay 
Bagi straw 


+0-08 
+2-30 
+ 2*02 
•—2*42 


7; 99 
0-02 
4-91 


The authors! inference ration provides a suflEicient excess 

of limc3 there tviU he some assIniilation eYen if the phosphoric acid content is low ” 
and further that the ‘■ jottYi!r %iires show that even when lime is low, assimila- 
tion can occur if excess of phosphoric acid is present The mam question that 
arises from it is : Can assimilation he possible if the supply is below the mini- 
mum ? To the present authors it appears that minimum supply must neces- 
sarily be the first condition, and thereafter the assimilation is more intimately 
associated with the kind and quality of the fodder! This point 
from a study of the behaviour of different fodders i ahd if the case of rice straw 
(with which this paper is more directly concerned) is taken, it is noted that the 
assimilation of lime from it was much poorer ; and that there is a certain definite 
sta.go below w-liich the lialiility of negative assimilation is very great. 


The point of interest is that the minimum amount corresponding to this 
stage is much higher than what is generally assumed to be adequate with many 
feeds. The figures recommended by Kellner [1015] anci Wellmami [1931] have 
been already cited. Huffman 11934] prescribes 10 grms. C/a or 14 grins. CaO* 
One of the Bangalore workers [Iyer, 1935] found on the basis of another series 
of trials with Rhodes grass hay, Aurangabad hay, spear grass hay and yoirar 

hay that ‘‘‘ the aetnal minimum values found are 10 grins, pho.s- 

phoric acid and 15 grins, calcium oxide for an animal of 750-lb. live-weight 
These values are much low a,s compared to those found under rice straw feeding. 
The test.s at Dacca were conducted on a comprehensive scale and the results defi- 
nitely indicate that rice straw provides certain conditions under which lime assi- 
milation does not proceed as satisfactorily as in many other feeds. The tests 
at Bangalore, although confined to three only, also point to similar indications 
as will be noted from the remark {loc cit) that for some reasons lime is not very 
readily assimilated from rice straw 
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in tlio a,bsence of direct evidence it is difficult to assign any definite reason for 
this, but if tlie figures under rice straw feeding are carefully studied it is noted 
that rice straw involves a very largo ingestion (about 70 to BO grms. per 5()()-ib. 
live-weight) of potash. This is generally much in excess as compared to ii'hat 
is ingosUxi through many of the other feeds. Orr [1025] considers that “ the 
ratio of sodinni to potassium affects the assimilation of both calcium and plios- 
]>iiorus (lodden [1028] says tliat his work in conjunction with Eichards and 
Husband has sliown that an ex(!ess of potassium in the ration while temporarily 
depleting the sodium has its main effect “ on the nitrogen, c'alcium and pbos- 
])horus balances; a liigh ratio of KgO : NaoO tends to Imver the assimilation 
of these constituents, whereas when the sodium is in excess the assimilation 
is raised ” and he remarks that this “ may be tho explanation of the benofieient 
results of feeding sodium chloride to stock , Ecjiw and Miiller [1931] have 
found in rats that a diet with a. high content of potassium results in rachitic symp- 
toms and tliey ascribe it not to high potassium intake but to the consequent, 
diminution ofthc Ca ; K ratio. Armsby states [1917] “ that fodders that cause 
malnutrition of the bones resulting in the disease known as rickets (Ivaoliitis) 
u'^nallv show a misnroportion of potassium to sodium ” and he cites figures from 
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1028] tliat Iho calcium in green food and carefulh'’-won bay is in a more bighly 
tlis|K‘rsf'(l condition, liencc better digested and assimilated tban in dry bay. 
Tlieir suggestion is bused on tbe positive reanliH obtained ])y feeding iriealcinm 
pliospliate pin:icipitated on starebt l?oesibly tbe lime compound in the rice straw 
is in a coarser aggregation and the presence of a larger quantity of potassium salt 
accompanied \vdtb other factors complicates tlie matter further. 

There might be another i-mtor, viz., deficiency of vitamin as suggested by 
Fine [1930], but Godden [1928] remarks that fe<xlmg experiments conducted af 
the Bo we tt Institute indicate that, on a properly balanced ration, with the animals 
ke|d; under normal Gonditioms in respect of sun light and exercise, there is but 
little risk of disease due to deficiency of vitamins. Other investigators such as 
Warth [1932] and Tiieiler, Green and dn Toit [1927] also think that in the case of 
herbivora the evidences arc inconclusive on this point. 

The chief facts that emerge out from rice straw feeding arc — 

(1) that lime assimilation is poor, 

(2) that positive bala.nc{^ cannot be attained until the intake is about 

24 grins, (^lO jier hOOdb. live-weight, 

(3) that this requirement is higher than the generally prescribed standard, 

(4) that rice straw involves a comparatively larger ingestion of potash 

on aecount of which, according to various invest igator.s, lime assi- 
milation might be adversely aftected. 




€ 




Tt need only to lie stated here tliat if 24 grins. C^aG per 500-lb. live-weight re- 
present the minimum requirement undcT rice strau feeding, a somewhat higher 
amount would be essential in actual practice. Kellner jl9l5J .says that only 
one-third to one-half of .P2O5 and GaO can be taken from vi'getnblo foods so that 
two to three times as nmeh must he given as can be stored in the body. Possibly 
the amount if given in pure form, say as caleinm larhcuiate or ]>husphate, would 
be different. According to Hawk (1931], a 50 per I'cnt higher calcium level is 
assumed as providing a '‘margin of safety” in the case of American dietaries > 

(hmnnn). On such ha,«is the najuiremont under rice straAv feeding would bo about 
36 grins, per 500-lb. The point can only be establislied after further trial and 





it is ]>roposed to take if up according as facilities are available. 

Before winding up the discussion on lime requirement, it. is necessary to slate 
that an excess intake over and above the requirement is not only wasteful but 
may possibly be injurious. The behaviour of animals under the green feeds 
(Experiment F) with regard to Hyacintli and Guinea grass group.s aro iiidica- 
tio,n.s of this. In these the ingestion of lime has been very large, viz., 48 to 04 
grms. but in spite of it half the results have recorded negative balance. In the 
, case of Hyacinth there might be some jn8t.ification as the feed was rather 



uniiKualj bxit the Hfime cannot 1)0 staled of Guinea |i;rass. It is more likely that 
excess of lime is probably not -wel] tolerated, as it •vv'oiild appear from the investi- 
gations of Gox and Iniboden [lOIIB] \^'bo I'oiiiKi in their ex])criinent on reprodne- 
tion in rats tliat excess of jibospborus was bettor toieruied than excess of lime. 

Tlie mv('s 1 igalion of Meigs and liis c()-\vot'kers [l}32r>j on laetating cows show 
that an excess of calcium might interfere ^^■itil ])bosph()riis assimilation and that 
two pai'ts or moni by neiglit of ealcinm to ran' o!' pbos})}iorns cojistiliited an 
(‘xeess. They niso point out from tlita'r w(u*k tliat a long cont inued loss of calcium 
will cause a loss of plios[)lu)rus even tliough tiie ration may contain of 

assiiiiilabte j)lios])}iorns. The cass' of .I).-, under iS’aj)icr group in Experiment F 
typically represents this condition {rUlc. also discussion und<‘r ])hosphate). They 
further obtained results indicating that ealorara. is very poorly assiiuilated from 
bay whicli was exposed to rain. Tliis latter point is of much importance to Bengal 
and more or less to vyliole of India wdiere the straw is almost invariably stacked 
in the open. Particular care sliould be bestowed to guard against clefeeiive 
stacking by which the quality of straw will deteriorate, thereby reacting on the 
lime and other mineral content and also on assimilation. 

Phnsj)hat& requirermnt 

This aspect has been partially dealt with under Experiment E. If the 
various oorabinations as set forth in Table VII are .st,u{iicd, it will bo noted that 
the inge.stion of P 2 O 5 from them has varied from 4*(>7 gnus. (Experiment A) 
to bS-Dl grms. (Experiment B). The results may he divided under the follow- 
ing — 

(1) those coming under defiTiite defieicnoy (Experiments A, I), and 

Hyaeintli grou]) under Experiment E), 

(2) i])OHC standing on the border lino (animals Pg und 1),, imder Ex{»cri- 

ment E), 

(3) those providing adequacy (Experiment C a.nd animals I>g, l)^, 

and Dfi under Experiment. E), 

(4) those (exceeding the stage of adequacy (Napier and Guinea grass groiip.s 

under Experiment E), and 

(f)) those deviating from normal behaviour (Ex]>('riinent B), 

Tlie result.s under the deficiency groups of Exj)eriments A and D represent 
a condition, under vvhieh the animals in Bengal are sometimes or often niain- 
tained. They show in part.ieular that under the Bcnga.l condition of feeding 
there is a greater liability of phosphorus dofieiency t han that of lime. A small 
Hu])plement of cake or mate-rial rich in assimilable ])hos])horus can appreciably 
improve the condition, and attention should lie mainly concentrated towards 
impressing thi.s point. 
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the stage where the figurete. stanc on . . _ , ^ the case of aninml 

ininimBm intake comcident with |T?^,,priment E) * and the^ 

D, «hioh had oTcourse the groups 

e.s.“rES 

balance. 


S:rn«suuderh»^ 

oil nutrients, The sixth one (aiiunal 9 ) tin Tiiia nm'mnl 

all mitrients. .,hich only it recorded a negative balance. This animal 

respeeta^exceptinPAm ^ the |-lb. linseed-cake group and received 

along with ^ p q . -^ut while the other two definitely recorded 

like them about 11 2 • 2 t examination, it was noted 

positive balance this one ^ lot and weighed C03-lb. When, 

that this animal was t _ 1 bn the basis of 500-lb. live-weight, it 

therefore, the g™»- “ thatAere 

worked out at 9 OJ g • ! ^ ingestion below this amount has been followed 

i.„ot a --'f above this amount h.ave been defi- 

with a positive bala • institutes tlie liniitiiig factor for proper 

nite'y _ nrovittod with a definite suggestion that the minimiiin 

^7"ins“Ihr m grnia. per, »^^ 

1, 000-lb. . . 




Tk -11 intprestints to refer to the findings of other workers. The opinion 
It will be interesting I . Green, 1932], mz., that 

of Theiler and Green ms . ,V ^ 1 ,^^ phosphorus intake drops to the 

““ t and his co-woikcrs [1927] 

vicinity f cattle grazing on the veld a daily consumption of aboid 

they found that wi _ ^ _garded as somewhere about the point at which 

“;’iCa»iird^^ordis^;-t rasing oattie of iW-lb. live weight, 
ostcophsgia '-™‘“ ^ I _ l OOO-kg. live-weight. This works out at 11 -35 
Kellner ^ Aitnsby [1917] computed from Lnwes and Gilbert’s analysis 

grms. P»>; „f fnrm animals, that during the first year eattlo 

of the ash of ' ■ ' , figure agrees with Kellner’s [1914] 

retain ®'’*^”'iJ'pi^l,oni8 retention of growing calves as 8-3 grins, per 
who aomP”^ ™ P P Wellmann [1931] has given the mainteiianco require- 
day dnmg tha fi y j ooO-kg. or 6-676 grms. to 11-36 grins, per 600-lb. 

ment at 25 t° “ « - P^ oo-workers [1933] found that .6-7 to 9-0 grms. 

rXts P^ ly was insufficient (under sun-cured alfalfa hay and phosphorus 
1 to « = 1) '>“* *" sufficient phoqihorus for 









maintenance, normal growth, and for tlio doTOiopinoni of the foetus from eighteen 
months of ago Ixj iirst (;ulving. They suggest tha.fc “ at least 17 gmis. of phos- 
phorus he allowed daily for lou' milk [)r(Kluction and the dry x>eriod during the 
advanced stag(^ of gestation Koso [1912] <!oncluded that the necessary amoxint 
to maintain plu)S[)horus ct|uili,hrium in milking cows appeared to be the xmiount 
eliminated in milk plus 2t) uig, ])er kgm. of body-weight-. Evhhmtly the latter 
(2() mgm.) represent'd tlie jnaintenanee requirement and is xupiivalcnt- to 26 grms. 
per l,t)0(.)-kg. ]ive-W(‘ighl. 

Turning now to the: results of Ducea expewiments it may be said that wlxcn 
10 grins. Ih/)-, per bUO-ib. live-weight constitutes the limiting factor under rice 
straw leetling, it will be a-dvisable to follow tlio yViiKwhain jiraotico (as suggested 
under lime) and add 50 per eent to it- in order to ju’ovide a margin of safot.y. This 
works out the minimum reijuiremeut at .15 grms. jiliosphate pi'r 500-lb. live-xveight 
or 30 grins, per 1,000-lb. 

If th(! amount is to bc^ fed as a mineral siqiple-ment it is well to bear in mind 
the interesl-ing theory axlva-need by Meigs at al [.l:)2r>j viz., that assimilation is 
facilitated by feeding calcium and phospliorus alt.crnately. Accorcling to them 
the absorption of jxhosphorus from the intestinal tract is hindered by the simiib 
taneous presence of caleiuni compound. They suggest from their metefoolio 
tests that the phosphorus assimilation by pregnant cow's and “ probably that of 
calcium also ” is favoured by adding di-sodium phosphate to the ration and fefed*- 
ing it on alternate days. 

PhoHpfijorus ingestion exceeding the stage of adequac>y 

d-’lie e.xperimonis bearing on this were in one case limited to four animals 
(Napier aiuJ Guincia grass groups under .E.xperiment E) and in another (Experi- 
ment H imd<?r rice kimi group) it was governetl by otlier fac,tora for w'liich it does 
not strici ly fail into this category, and will be dealt with separately. In the forinx^r 
case the ingestion of from 24 grms. to 27 grms. and was not at any 

rate so large as could be consid(u.'ed unusual or ex<a.'-ssive, »Such ingestion may 
be im<'(‘onomical but may not ncxiessarily be barniful. On these data little can be 
said of the possible effect of a truly excos.sivo ingestion. 

There is, however, an interesting side issue which deserves attention. One 
of the animals Dr, uudt'r Napier feeding recorded a negative balance in spite of 
such a large ingestion of PgOg. Its exjxhmation probably lies in the fact that 
Napier grass involved a very heavy (in fact the heaviest) ingestion of potash (155 
to 173 grms. K 2 O) xvJiilc the lime ingestion was only 18 to 20 grms. CaO. The 
behaxdour of a largo ingestion of potash and its adverse effect on lime assimila- 
tion has been partially discussed and wdll also be further discussed under potash. 
It has been pointed out tiiat under rice straw feeding (with which a large quantity 
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of potasli is ingested) tlio liine requirement luis boon found to bo higher. In the 
case of Napier tiic t;oiulition is probably further aggravated as the potash inges- 
tion is considerably higlier while the low linio ingestion does not provide any 
margin to ensurci a dc^finito positive balance. This is typically rcdleeted in the 
behaviour of animal whidi probably snOcrod systcinatieally from a faulty 
lime assiinibiiion which, adversely reacted on pliosphate balaiuic in spite of a, 
high P2O5 intake. It has been, pointed out, a.s already stated under lime by Meigs 
eiul [iy2bj5 tlia.t a, hnig continued loss of lime will cause a. loss of phosphorus 
even thongh. the ration may contain plenty of assimilable ])hosj)ho.rus as is nor- 
mally expected in a green feed (vide also under lime). It is very sfrikiiig in this 
animal {Table VJ.l) that lime, magnesia, pijtash, j>hosphorus and nitrogcJi w(;re 
all negative. Only soda and chlorine were positive. 

P hos]}Tiorus inyesUon in cxpenimnls cxhihilimj di’viatiotk 

It remains now lo take up the resulte of ri(*(', fcitra in which as already slated, 
the conditions arc probably governed by otluw factors. Tlic ph()S})hornK con- 
tent in the rice bum is very large (about C per cent in the sample used) and 
naturally the ingestion in individual animals were far more than in any otlier 
feed. Tliis exjjeriineid. woulc] thus have served as a suitable example of exces- 
sive feeding of but due to other factors the conditions have Ixaui din'ereni. 
The phosphorus in ricc^ bum is largely in the form f)f j)hytiu. Winton and Winton 
[1932] tdlo from Buzuki, Yoshimura and Takaishi that net', bran (iontains about 
8 per cent jihytin. The same authors also report' on the tvork of ibathor [iUl8] 
that of the tola! soluble phosphorus about 87 per cent and 93 per cent 
were found in rice bran and rice polish, n^siyectivciy, a.s inosite peuta* 
phosphoric acid. It lum been already stated tha,t the feeding of rice 
bran was .foiiowcf} by low ap|3otite, loss of (;ontliiion and so forth. 
I’his is in all probability a».sociated iaigely with ifio nature of phosj)liorus 
compound in iJic feed as would a^jpear from the work of various investigators, '.riius 
Bruce and Callow [1934] reported that “ the apparent rachit ogcnic! eifect of eeroals 
when compared witli otlu^r materials of the same phosjdiorus content is due to 
the fat'i that ctu’cal pliosphoru.s is not in an available form ”. They expressed 
tliat “ tlui difiercnccs between oat-mml, maize and Avhite-liour can bo (3omplct.ely 
accounted for ])y ditferenc^cs in the total phosphorus content and in t.hc ])ro por- 
tion of inositol — bexa -phosphoric acid McChancc ami Widdowson [1935] 
fed phytiii to three adults and one child and found that 20 to 60 per cent of the 
phytin was excreted unchanged in the faeces. It 'vv'oukl appear from these investi- 
gations that ]diytin remains largely unchanged in the case of rats, dogs, men and 
cattle. In the case of pig, however, Bather [1918] found after feeding large 
amount of phytin in the natural state that almost all the phosphorus was ox- 
cTcied in the form of orthophosphoric acid and his conclusion was that pigs can 
hydrolyse the phytin completely. Lowe and Sfceenboek [1936] also fed rats 
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x&i, 

■Vv'itli pr(«.pared pliytiu Avitli. basal ration and they found that phjdiu as a source 
of plioHphorus was without significant value blit equivalent amounts of phos- 
phorus given as phosphoric acid “ resulted in a pronounced irajirovcnienfc in 
calcification ” and “Sodium g]yc‘erophoK[)hate was still more boneliciid Tliey, 
therefore, express that “ phytin proved itself to ho a poorly available soureo of 
phosphorus. . ' 

These factors appear to be (ihiclly responsible for the poor assimilation 
and negative phosphate balance in the t.*ase of D 5 , D^i and l)^ in J5xperinient B 
in spite of an ingestion up to the range of 43 grins. Possibly at about 

this stage the iuorganic portion of PgOj reached the level of requiroraont. fii 
any ease the beliaviour of rice kiim requires to be studied in greater detail and it 
is proposed to take it up as soon as po.s.sible. 

Magnemi, 

In these expi'rimeni.s the IMgO intiike has Viiried fn.mi 10 grins, to 
33 gnus, in tlio different eoinliinatious. Tiic heaviest ingeslion, lias boon in 
the ease of the CUiinoa grass group under Experiment F and the ricn kura 
grou]) under Experiment B. Tiic role played by magnesia is of niixch loss im- 
portance as oomjrared to lime and phosphate. According to Green [1935j the 
dietary roquircnicnis of magnesium arc very low and arc covered by all ordinary 
rations. Ho expresses doubt whether a niagnesiiun deficiency disease would 
ever he found to occur naturally in farm animals. Eroiu the results of these 
ex])eriments it would ajipear that, the general tendency of positive balance is 
manifest from the stage when (lie intake has been about io grrns. and upward.s. 
Tlie results under aman straw and calve (Experiment C) suggest.s that when 
the intake is sufilcicntiy low to reijord a negai.ive balance it seems to react upon 
the economy of soda ba.lanc<‘, which has been uniformly ni'gativc in those very 
in.stauces umlcr Expei'iment. 0 in wliich MgO was deficient. The soda. i{ige.s- 
tioii here was about 17 grins., and with the same cpiantity of ingesf ions under Kxpori 
menl, B w'here MgO ingest ion was liigh, seven out of nine have recorded u posi- 
tive halanee. In exiierimeut. E t.hc .soda ingestion was similar hut MgO wais 
moderate and here both recorded positive balances. There is Urns Home toiidtmcy 
of inter-relat ion w'hieh is ehielly nothroable if MgO ingestion fulls below 12 grms. 

Amongst the feeds t,ested rice Jcum (toniains the largest (piaiitity of MgO 
(about 2'() pcT cent on dry inatti'r). It has been found by Mendal aaid Benedict 
(IfiOfi], Hart and Steenliock [lfil3j ami Uogert and McKittrick [1922] that, exces- 
sive intake of Magnesia gives rise to an increased elimination of ealeium, Henry 
and Morrison [1028] state that those- feeds wliieh contain much magnesium in 
proportion to calcium, such as wheat bran and middlings, w^hen given in excessive 
amount for long periods “ are said to cause a. weakening of t he bones, leading to 
such troubles as bra a diwms’fi or miller’s horse rickei”. In rice bran there is much 
magno.sium in proportions to lime and this might bo another aggravating cau.se 
(in addition to tho,se dealt under lime and i)ho.sphorus) to bring such poor result, 
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Polnsh 

Tliero is gciu^rally an apprcoiablo amount of potassium in all plant 
malcrials coimnonly used, and so normally there is no great likelihood of a 
natural sliortagc. In rice straw potash is ])resont to the amount of 1*0 per 
cent to 2 per cent on dry matter and is about 5 to 10 times as much as NaaO. 
In the exjicriments under reference the ingestion of KgO varied from 53 grins, 
to 89 grins, per SOOdb, live-Aveight in the combinations in "which paddy stra.w 
formed the main roughage (Experiments A to E). It will be noted that although 
the ingestions of KgO were quite larger a very large amount found its way out 
specially through the urine so that a positive balance seems to be controlled by 
a certain level of ingestion which in these experiments was about 66 gmis. per 
600-lb. livc-Aveight. 

In the experiments conducted by Warth [1926] the feeding was divided into 
two groups, viz., rice straw and hay, and the aniraals were of three live-weights, 
rw., 1,000 -lb., 750-lb. and 600-11). The ingestion of potash in his 5(X)-lb. group 
animals varied from 63-4 grins, to 1)2*6 grms. in the rice straw group, as com- 
pared to 26*6 grms, to 31*2 grms. in tlie bay grouj). Unfortunately he has not 
given the complete balance picture, but as urinary excretion eiribraces the major 
part of potash it gives an indication of the balance specially if it exceeds the intake. 
It is seen from his data * that in the ease of the pa<ldy straw* feeders two out of 
three under 750-lb. live-weight and one out of three under 500-lb, have records 
in Avhich the urinary excretion of potash has ext;eocled the intake, thereby leaving 
no doubt of the tendency of a negative balance despite large ingestion. In the 
case of hay eaters, however, no such inference is possible as the urinary excre- 
tion was lower than the intake. 

As the behavi(,)ur of straw eaters is one of tiie main objects of comparison 
it will be noted that in sjiito of limited data there is .some parallelism with llie 
Bengal figures. In the latter the positive balance is maintained wlien the inges- 
tions generally exeeeded 66 grms. per 56(,)-lb. live-weight. In 'Wartli’s experi- 
lucnls the one reeording mgative balance under this live-weight bad an ingestion 
cfjuivalent to 58 grims. and 78 grms. on the basis of 5()0-lb. eijuipiitation (the 
actual ingf'stions being 84*2 grms. and 117*9 grins, of intake)- Both bidioate 
that there is a certain level below which positive bahmee becomes uncertain. 

It should be .stated, however, that whether in the case of positive or nega- 
tive balance the very large excretion is as much an evidence of low economy as 
it is an indication of the ingestion exceeding much about the requirement. Yet 
since rice straw forma the main part of roughage there is no way of avoiding the 
large ingestion of potash through it. 


*Tablo XVI, page 64 of the Mvmoris of the Dept, of Agvi. in India (Clieiuioal 
series), Vol. I2Ci No. 2. 
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The question wliich opens out an interesting field of study is whether such 
a large ingestion of potash is associated with any deleterious effect. Idle litera- 
ture on the subject is rather conflicting. 


Tlioiler, Green and du Toit [1927] havi^ given an account of their feeding 
experiment in wliieh “higher potassium ration ” containing 44 grins, K^O and 
2 grms. Na./) was administered. The KgO was later on increased f.o 94 grms. 
The w’eights of the two animals were 470 lb. and 450 lb. at. f 1 h> start and iiicrcm.scd 
to 1,000 and 1,130 lb. in about two years. The authors remark t.liat. on “ in- 
creasing the total KgO to 04 grms. (ratio 32 to 1) IfeiftT 878 drid within a fi'W 
da-jra with symptoms of tymplianitis, but showed no characteristic ])()Kt -mortem 
lesions upon which to base a definite diagnosis ”. Its companion bc'oaino ill, 
lost appetite and declined steadily in weight for two mont.hs, recovercil and gave 
birth to a weak small calf which died five days later while the mother suffered 
from “severe mastitis, following retention of the aftcr-birih, did not respond 
to treatment and w'as killed in extremis”. The a,ntbor.s are, however, imdined 
to believe that “ no disease has been manifested” and that “so far as growth 
is concerned a relatively high proportion of potassinm to sodium a.ppear to have 
little mfiuence ’k Green [1935] in a more recent communication adheres to the 
views of his associates and states that “ no naturally occurring disease has been 
proved to bo due to deficiency or Imbalance between them”. On the other 
hand Orr [1925] considers that “ the ratio of sodium to potassium affects the 
assimilation of both oaleium, and phosphorus ”, The behaviour of lime assimila- 
tion as exhibited in the present experiment {vuh balance figures) would rather 
seem to support the latter statement. 

At the same time the ingestion of potash nnder the preseut expei'imcnt was 
considorabiy higher than those of TJieilor, Green and dn Toil [1927]. In their 
case the maximum ingestion was 04 grms. p(*r 1,130-lb. or 28 "3 grms. per f>00-lb. 
as compared to 53 to 89 grms. in the paddy straw feeding. As the balance figures 
have show'll there has been a higher lime requirement under tlii.s feefl. It is, 
therefore, very likely that the a.ssimilation of lime is probably closely related to 
the quantity of potash. Hawk [1931] remarks that jiotassium has an inqiortant 
relation ivith calcium in maintaining the normal rhythm of contraction and re- 
laxation of heart muscles. Tlie classical experiment of Binger [1 S80-82] on the 
perfused heart show that minute changes in the concentration of cakhim or potas- 
sium in the perfu.sing fluiils have a profound effect on the activity of the heart. 
A deficiency of potassium will prevent the heart muscles from relaxing and an 
excess will relax so completely that it stops beating. 14emi and MuIUt’s [1931] 
exjicriment with respect to racliitic symptoms associated with high potash intake 
has been already referred to under lime. The experiments of Bichards [1927] 
show that the addition of potassium salts to a ration of (*.ereal in the c-asc of groAv- 
ing pigs leads to a decreased ret,ention of nitrogen, phosphorus and calcium. 




In fact, as will be noted from Table VIII, when rioe straw was fed alone the 
\trination 'was lowest-. These data represent actual averages and have not been 
converted t-o any uniform live-weights, but a« the animals were more or less similar, 




Feed 

Urine voided 

gima. 

Water consumed 

grms. 

A won straw only CExporiinent- A) 

2058-2 

8471*0 

Atnnn .straw and rice Kura (Experiment B) . 

3412 -8 

12853-0 

Aman straw- — 1-lb. linseed cake {Experiment C) . 

2003*2 

13074*0 

Awow .straw- -3 -11). rake . . . . . 

3402-0 

14100-8 

Aman straw — 2-ll>. cakf) . . . . 

.3017*8 

15040-5 

A7?ia?i straw — 3-lb, cake . 

4100-0 

i 17028-5 

Aifs straw only {Experiment D) 

2585-5, 

11095*0 

.straw — linseotl cake {Ex{>oriinont, E) . . i 

3788-9 

17191-0 

Hyacinth group (Experiment F) , . , 

3087-3 

3898-0 

Hyacinth group with I'lb, cako . , . 

8802-0 

7834 '0 

Napior group (Experiment F) . 

' 10109-3 

5234-0 

Guinea grass group (Exficriircnt F) 

0320*0 

4702-0 


m 
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As the large potash ingestion under Bengal condition is iinavoidable, atten- 
tion should be directed towards a better adjustment of other minerals specially 
lime and phosphate. It need hardly be stated that the ammals in Benga-l have 
been under a straw feed for generations and for good or evil they have been aceus- 
tomed to it. Possibly they have acquired some amount of tolerence and 
immunity from the deieterious effect, if any, which the larger ingestion might 
'ooeasion, 

Effect of potash on urination 

There is another point which also merits attention. Warth [1926] found 
in his experiments that “rice straw mdu<;es a marked and persistent diuresis” 
and his conclusion is that “the diuresis is intimately related to potash excre- 
tion Under Bengal conditions, bow-ever, this sort of diuresis has not been 
noticeable. 

Table vm 
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they give a fairly oorrect indication of the behaviour of urine excretion under the 
different feeds. It' should be noted that ITyaciuth lias the largest percentage 
of potash and the ingestion of K^f) was only next to that of Napier grass but even 
here the nrinat.iou did nol .sliow' a, percej)t.il>ie rise until it ^vaa supplemented vtdth 
cake. Similarly, when si raw was supphunented. with eak(‘, the urination was 
liigher. Thus, so far as paddy straw is eoneerned, no marked diuresis could, he 
ascribed to it under Bengal eondiiious, Bamiah’s work at Ooinibatorc also points 
to sanu' conelusiun [Raiuiah, 19321. fh,i the other hand the addition of cake 
seems to induce more diuresis. 

The only exception has been in the case of Ha-pier group. Here potash 
ingestion was heaviest and urination was also the highest. This iniglit be sugges- 
tive of a partial association of potash with diuresis but as will be apparent firorn 
the above results there might be other fa.ctor or factors. Warth also states that 
“while the amount of urine is mainly dependent upon potash there is another 
subsidiary factor at work but according to Mm “ its nature has not been 
established yet 

It remains only to be stated that when potash ingestion is heavy, as typified 
in the case of the Hyaomth and Napier groups under Experiment- P, the reten- 
tion capacity of potash is lowered as is exemplified in the wholesale negative 
balances under Tlyacinth and one out of two under Napier. Possibly it also 
induties a craving for more sodiuin chloride as is suggested by Bunge’s classical, 
experiment. This part has been .further discussed under sodium chloride. 

The beliatrioiir of the Guinea grass group is interesting from another stand- 
point. This group had a little over 72 to 74 grms. of potash, which would seem 
to he sufficient Imt iKfih amm,als have recorded a negative balance. But 
here' lime ingestion "Was, vesry high and it cannot he said ' whether this ^ w 
ponsihle; for an adverse, elieet, : 

Briefly the results indicate that—- , V ' ' 

(1) with rice straw' feeding the potash recpiirement is probably about 

66 grms. mininium per 500-lb. live-wMght. Possibly about 70 to 
' ,B0'grms. ,shoul<i,be; enough. ' 

(2) In the case where potash ia^ h ingested as in Hyacinth and Napier 

groups, it induces an excretion greni.cr than the intake, 

(3) Wh(u-o lime ingestion is very higli, ns in the case of Guinea grass, the 

amount of i)olash ingested (72 to 74 grms.) did not; record a positive 

, , , ", balance. , , 

(4) Rice straw' did not induce diuresis as w'as noticed by Warth at Baiiga- 
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Sodium and chlorine 

These tvs^o minerals are taken together because sodium chloride is the most 
convenient form in which they are supplied to the animal. Sodium chloride 
also forms a component part of the body fluid. Sodium salts exert a specific 
influenee Upon the irritability of the nerves and the relaxation of muscles. 
Overton [1904] showed that frog muscle immersed in isotonic cane sugar lost 
its excitability and that restoration could he brought about by a sodium, salt 
or in a less degree by a lithium salt but not by salts of potassium. Tor the 
normal contraction of the heart muscle a balance must exist between the calcium 
and sodium contents of the blood [Hawk and Bergcim, 1931]. 

■ The above facts by themselves would induce a natural demand for common 
salt by the animal, and xiossibly this demand is further increa.sed on account of 
the presence of a large amount of potash salts in plant material. This has been 
suggested by a highly interesting experiment by Bunge [1873]. He attempted 
to attribute the craving which herbivorous animals have for common salt to an 
excess of potassium in the diet. According to him when a salt such as potas- 
sium citrate gains entrance into the blood stream, a proportion of it reacts with 
the sodium chloride forming potassium chloride and sodium citrate. As the 
kidney functions in keeping the compo.sition of the blood nearly constant, the 
abnormal constituents sodium citrate and excess of potassium salts are eliminated. 
In this way a high potassium salt intake may cause increased elimination of 
sodium and chlorine. This is partly indicated in the balance figures of the 
Hyacinth and Napier groups under Experiment T in which potash ingestion 
was very heavy. One of Ihe sodium figures out of two and both the chlorine 
under Hyacinth are negative, while in the case of Napier one chlorine out of two 
has been negative. Sodium figures were, howc.vcr, ])Ositive. 

At the same time, it shr)uld ho stated that experiments on heifers carried 
out by Hart, McCollum, Stconhock and Mumphry [1911] show the incomplete- 
ness of Bunge’s theory. These autliors have diflerent groups of animals with 
rations of different cereals and all the animals had free access to salt. They 
found that the sodium chloride consumed had no relation to the amount of pot-.is- 
flium in the ration, either as such or when supplemented with potassium salt. 
Godden’s work in conjunction with .Richards and Husband [1928] also shows 
similar conclusion. Miller’s lator investigation on pigs [Miller, 1922] slioivs that 
a sudden increase of potassium salts in the diet caused an immediate increase in 
sodium and chlorine excretion during the following twenty-four hours period but 
as stated by Bunge, the excretion of sodium and chlorine in Miller’s experiment 
also decreased when the high potassium intake was continued and Miller says that 
“ the animal can distribute its sodium and chlorine as required by the different 
part of tlie body during the absorption of largo quantities of potash, which may 
at other times cause increased sodium and chlorine excretion ”, 
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Turning now to tlie other experiment, viz., to thobe in which rice straw 
forms the main roughage, it will be noted that in Experiments A, B, I) and 
E, sodium has exhibited a general tendency of positive balance. In tlK«o the 
amount of intake varied from 14 to 23-8 gi-ms. and would seem to be about the 
requirement. But altliongh this might generally lie so the results under Exjieri- 
ment C suggest that in tlie event of a deficieiiey in magnesia, the soda balance 
is likely to be adversely aiiected. Here the soda intake was about 17 grms.> 
but threo out of four have recorded a negative balaiKie and it is these three whose 
magnesia balanees are also negative. There are also proliably other facjtors — 
for instance the lime supply wa.s just on. the border line and inclined towards 
deticiency as is noticeable from the two negative balances out of four. The 
chlorine inge.stion was also very high — ^in bict the liighest with the exception of 
the Napier group. Leaving these (under Exj)eTime{it C) the weight of evidence 
from the majority of other experiments is in ihvonr of an ainoTint of sodium 
equivalent to 16 to IS gnns. NagO per 500-lb. live-veight or 32 to 36 grms. per 
1,000-lb. live-weight. Tlio amount would correspond to 30* 17 to 33*04 grnis. 
NaCl per 500-lb. and 00 *34 to 61 *88 grins, per 1,000-lb. In actual fact about 
half the amount is supplied through the feed. This should not mean that the 
whole of it should be supplied as NaCl. 

With respect to chlorine the inge.stion has varied from about 17 to nearly 
30 grins. The heaviest ingestion has been in the case of Napier group (Experi- 
ment E) closely followed by ammi straw and cake under Experiment C. It 
cannot be stated whether such an amount as was inge.sted in these tw'o experi- 
ments was really excessive or not. MeXlolinm, Simmonds and Becker [1922] 
noticed an inflammatory condition of the eyes resembling xero|.)li,thalniia which he 
calls salt optlialmias due to excess of chlorine in the food. No such condition was 
noted in the present experiment though the Hyacinth animals were distinctly 
below condition l»ut in this as alreafly stated there was tlefleiency of other nutrients 
also. In general, it would seem that an iiigestion of about 20 grms. of chlorine 
should ordinarily meet the necessary requirement for animals of 50(Mh. live- 
weight. But Experiment B under «w 2 ft» stra\v and iiim kura, and the Hyacinth 
group under Ex})eriment F are exceptions to this. In these two, negative 
balances have been the conspionon.s feature. In both cases there was some depar- 
ture from normal conditions in us rnncli as, in Experiment B, the intake of 
calcium (as indicated from the other oxjicriments with rice straw) was very 
low and phos})hatc very high, while in the Hyacinth grouj) calcium and potash 
were very high and pliosphate and nitrogen low*. Leaving these, the require- 
ments of chlorine in all ordinary cases under rice straw would appear to be 
satiRfled as alrofuly slated with an amount approximating to 20 grms. 
per 500-lb., although in .some experiments larger annamt.s have been ingcsto<L 
This would corres})ond to 32*97 gnus. NaCl and about half of it is expected 
to bo provided through the feed. 
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It need hardly he stated that sodium and chlorine assume their iraportanoe 
both from their indispeneahle nature in the system as well as Irom their mstim,- 
thre demand as salt by all animals including human bemgs. Wild herbiToroiis 
..uiuials have been Imown to travel groat distances in the search i or salt licks to 
satisfy this craving. The question now miaes as to what should bo tho mmimum 
amount which should be fed to tho cattle speoWly in the iorni of common salt- 
Kcllnor [19161 proscribes tho daily need of average cow at j to H ounce rf salt. 
This worta out at 11-3 to 22-« grms. Na,0 («., o'b ; 

live-weight) and 12-93 to 25-86 grms. of chlorine (i.c., b « ^ 

(>lilorine Dcr 500-lb,)- He has further stated that in tho case ot difticnltly digesti- 
ble materials, the quantity may be increased to 24- ounce (equivalent to 37 • ^6 grms. 
soda and 48*08 chlorine or 18-83 grms. soda and 21 -ot grms. ehlormo per oOO-lb.) 
but he emphasises that “ more than these quantities should oiot under any curemn- 
starves be given (The italics are ours.) Buffagni 1,1935] gives the toxjc dose o 
sodium chloride for pigs as 1 grm. per kg. of body-woight and considers tha 
cattle should not bo given more than 60 grms. per day. In some of the rc-cent 
experiments at Krishnagar (not reported here) about 60 grms. ot salt were fed to 
animals of about 500 to 600-lb. live-weights and no serwus trouble was noticed. 
There was no doubt that some animals were out of condition but this only occurred 
when they were on a high dose of mustard cake. It seems, however, that in 
Bengal the ordinary dose of common salt fed to the animids is ci little higher than 
the amounts indicated by Kellner and others. This amount aliliough arising 
out of tho general usage of the country is probably aii unconscious^ adjustmo.nt 
necessitated from a larger ingestion of potash through ru-e straw feeding. 

licUiiion of minerals to one another, their ratios, do. 

The interpretation of the data on mineral met-abolism curries with, it some 
inherent difficuli.ies in as much as there is no means hy which the a.etuul amount 
absorbed or assimilated in the system can bo proiierly ascertained. This has 
led various investigators to adopt more or less enipirioai prowidures w'hich can 
at beJt serve as rough guides. In fact, as Orr [1925] states “ it is impossible in our 
present state of knowledge to do more than make an emjiirii'al adiustmciit hy 
adding inorganic salts containing elements thought to be. detifient in the rations 
In another place [Orr, 1926] he suggests that as the amount of food needed by 
the animal is determined by its energy requirement Ihe truest basis of compari- 
son is the energy unit. He- has proceeded in this way and based his calculations 
on energy values, on the a,asuinption that “40 per cent of the ether extract, is 
digestible fat and tbo total nitrogen-froe extractives are equal to the sum of tho 
digestible nitrogen-free extractives and the dig(‘.atihle fibre ”, Although his 
values were not evidently derived from direct experiments yet the eouception 
originated from the estimation of digestibility coefficients and are presumably 
meant to be equivalent to the total digestible nutrients expressed as calories. 
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In this way he has tried to draw fi- f'omparison of minerals per 1,000 calories. 
Tlieiler, Green and (In Toit [1027] are also iiu-liiKid io a similar o'pinion, as tluiv 
stressed tliah it was not the, perr-enliiye of ])ljos])horus on dry niafter which, 
luaifered but the anKanil in relation to fhe emr^y value of ])a,sture. In a more 
recent publication Tln'iler ujid Green fl*td2] Jiave also suyyesGjd tlxat as a. rougli 
guide “a round figure <>1’ I per iOO slarch e(iuivaient may be. (a,keii as sate for 
ei{h(T Itt),- or t'aO tliroughoul the bovint' or 4>viiie life. Alarek [IfiS-}} has 
emphasised 1ho iinyatrlanei^ of '■ .\ikali ■ - Alknibaki-i and MldarkuU -• Alkidi/ait 
We'lhmuin l.!93I| working in co-ofteraiioa \GI h Mnrck states that the relationship 
of the alkalint,; ('artlts eaieiuni ami niagiiesinns and their ratio of ]jhos]ibnrio acid 
are imjiuitani. This reiatiotrship (Ih A.) is ('ah;nla.ief! oji tlio basis of 100 grms. 
drv matter as follows — 


E. A.---. 


(GaO mg. equiv, -! J\rgO mg. ogniv. — T A h- rug, t^quiv.) X 100 
Grm. drv matter 


Theiler, Green and dn Toit, [1027] lia.ve, I'owover, strongly attacked what 
they^ eail llie .ral}ae,y of Alarek ”, and in the eonr.se of their discussion have 
remarlced tliat the data, at present, available “ are too fra.gmenta.iy to Justify any 
generalisation ”. These div’er.se vieu^s only cmplia-siso the complexity of the 
whole subject and any attempt towards inieii’pretation of the results on these 
diverse linos can only be made both witli cantioti mid reservation. 

There i.s no doulit that tlie rc,su.1t.s need .scrutiny from aJi standpoints and in 
order to faidlitato the same the best course would appear to be to assemble all 
the relevant data in the ilifferenl forms .so that they might embody a collection 
for future interpretation in the light of more suggestive information which may 
aoiaimulate in (lourse of time. Accordingly, the data Iiavo been worked out in 
the uttaeluMl Ajipcndlces on the basis of different ratios, calorific relations (Orrks), 
Murek’.s 10. A. value.s and .so forth, fl .should, however, hu .stated that the cirlories 
hero have been worked out from actual digestibility vabies and thu.s involves no 
as.sum])t ion as was unavohlablc in OrrA iignres. 

Although th(^ i liter [irct at i(m on the ha.si.s of thc.se factors i.s withheld for the 
jire.sent it should lie statisl that whatever might be the relation of mineral niattor 
either with respect to (Ik* absolute amount or with resjiect to their proportions 
to each otluu’ the nature of the feed is liy far the eiiief dclormiiiing faixtor. There 
is no doid'it that tlic animal Ims v, hat may he called a nimimum requirement of 
minerals but. the (‘riuwiou for this miniimim is not always a phase indicated by 
the absolute minimum ne-eil of tiic animal or of the presence of this absolute 
minimum in the feed but is a eondit.ion mostly regnlaled by the nature of the 
feed. In other words, with differeni feeds this minimum is likely to vary. This 
is .more .strikingly illustrated in the lime requirement under rice straw as the 
main roughage. It has alrtvady lieen .slat.e.d that aceording to Kellner an amount 
of lime equivalent to 22*7 grms. CaO per aOO-lb. would “sufficiently meet all 
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. have been obtamp(! by other workers also, but 
feediiij35 show that instead oi this amount being 
ance could not be attained 
;t is thus entirely controlled 


recjuirements Similar results 
the results under paddy straw : 
sufficient it is below the ininimum, since positive 
until the intake iras at least 24 grins. CaQ. This c 
by the nature of the teed. 

Another feature that may be mentioned is 
although there is some deficiency of CaO, the deficiency of P/)g is more definite 
and possibly it is theAimiting factor in the large majority of cases, lor the pre- 
sent the best practical course would be to see that the minimum supply is ensured. 
Like Theiler, Green and du Toit [1927] the present authors believe that the basic 

when the preponderance of one over the other 
great that the liberal physiological mechanism for preservation ot 
strained” and they are inclined to the view as ex- 
later publication [1932] that ‘‘ attention may 
and phosphorus per day 


ratio only becomes important 
becomes so 

neutrality of the tissues are 

pressed by Theiler and Green in a 

be conceni rated ui)on the absolute intake of calcium 
except where the imbalance is very wide 

Summary - . 

1 . In a fairly comprehensive series of experiments arranged under six broad 
com hinat LOUS embracing thirty individual data, an inlmisive study of tiie mineral 
reipdrements of fhe animals have been attempted. In five of these combina- 
tions rice straw (both wiLiter or the mnem variety and autumn or the variety) 
formed the main roughage. The sixth combination consisted of gr(‘(U feeds 
<iividwl into three sub-groups of ilyacinth, Napier grass and (hiinea. grass. 

The expiuimcntal scheme was drawn up in such a way us, t(» L'onfonn as far 
as possible to the typo of fc(>ding used in Bengal which is lyj)ical of Nortli-East 
'■■iiidia.,; 

2. It is found that in all eombinations cxccjit the grcLui lc(;d groups (Experi- 
ment E}* source of lime, potasii, magnesia- ((‘xcopt 

nce-kam group. Experiment- B), also largely sotla and chlorimi altliough they 
are appreciably supplied througli common salt, w liiie phusph-ale has been mainly 
derived from concenlrntos— cake and kura (rice bran). 

In the green feed cmti biimtions, Guinea grass and Myaciulh ])rovided the 
predominant share of lime and Napier the least. But Ibo latter [)rovided the 
largest inialo' of potash eloscdy followed by flyacinth. The ])otash content is 
higiiest in the Ilyacinth but the ingestion of Najtier wa,s vcTy heavy tind hence 
the potash intake iveni U]). Phosphate was well vsnjjplicd through Guinea grass 
and Napier grass but lowest by Hyacinth. * 

3. The investigation represents conditions in whi(di some of the important 
minerals have gone tip from the stage of deficiency to that of adequacy, thus 
suggesting the iow'^est limit compatible with positive retention. All computations 
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have been buKcd on tlie })rev{iilin.ti: liviswc'ight.s (viz., 500-]]).) of tlin local breodR 
and on tluH }):isi,s the rnininunn mineral roqniretneiils (when paddy straw fronis the 
main roughage) appear to be 24 grins. (hO, K) grnis. 'PaO^, 15 grins. MgO, 70 
grins. KoO, 17 gnus. Na./J (e((uiv--a.!eiit to 32-05 gnns. Nat’l) and 20 gnus. Cl.^ 
(equivalonl to 32-07 grins. ISaGl). The sodium and cldonuo ligure.s .show a strik- 
ing (!oinf‘idciit‘e uith the equivalent of NatJl. 

4. Th(' lime rcijiiiremciit seems to lie higher than in invi'sf igat ion.s of many 
otliers. It is susjieeted that iliis migld be associated with high pot.asli ingestion 
through rice straw or the pre.senee. of anticaieifying agents in eereals (as fonntl 
by some invtist igalors) or the eoin bination of both (ridn disciussion in the text). 
There might, be other factors also. 

5. The general ingestion of KoO is quite large under rii-o straiv feeding, but 
inspite of it po.sitive balance is not maintained until the ingestion i.s about 00 to 
70 grm.s. per 500-lb. live-weight. 

Heavy potash ingestions seem to induce heavier excretion even greater than 
the intake as will be evident from the behaviour of Hyaciiith gnd^^^ 
the other hand, higher ingestion of CaO seems also to upset the potash balancfo as 
indicated from Guinea grass. 

6. A deficiency of .seem.s to affect tlio soda balance as is indicated from 
Experiment 0. 

77 IHce fern (bran) i . - - 

(over 6 per cent). The GaO and chlorine figures have definitely 
balance ; 

has been recorded hp to tlie stage of 43 grms, 
of phosphorus in the rice bran mainly as 

Various workor.s have noticed the pre,scnco of anti-ealcifvsiig agenhs in cereal i-; 
and similar faidors might also he further aggravathig (‘auscs. 
therefore, be supplemeuted. with lime iuid ddorine or. om* sM 
phoriis w'uqiomiid .‘-'hosd.i be brm:; 

8. The re.adls indicate that ftvi sh;iw is ooiid. feral ily 
straw in minerals and protfiu aiid iieiu-i' in geruTal feeding vaha 
a.rc poor in phosjdiate and sliglitly detieient in bme. Tlie pi 
conveniently sunpheo! through ridm wliile a smaii supplemei 
make u]i lime dtliekau-y. 

0. In the- sM- ' of gruf u feeds, ('hn’n'''a grass is bidtiT hale 
and Hyaeimh - ib.e feeding ;;ho!dd bf‘ ngidaie.l in order to a 
tion of linue 77 pier .should be .suppirmenjed wit b fhCGjan 
Hyaeiiitli shooid be ,so reg-.uile-i as not to iroi.G'e a l.-irg.-' ii 
throui'h iliem. Th w Imtii (s’led.dly Hyaeiudi) require .somt' 

Hyacinth is not a fodder bul when tiiere is a fodtler seareit v : 
such in some parts of Bengal, ami heiuo formed a. suliject of ii 


is very poor in CaO and unusually rich in pbosjphate 

y given negative 

while in spite of heavy PoOg ingestion (30 to 50 grm.s.) iiegativo ha lance 

This i.s probalily due to the prcHcnco 
] (liy t in tvhich is not roadi ly assimilable. 

grains; 
'.Rice bran should,' 
ev'.'Whilo its'phos- 

iimilable form by hydrolysis.' ' 

iUperior to awh n. 
!, hut both straws 
ispha.;te niighti: be 
fc of chalk would 
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10. No interpretation has been attempted on the basis of ratios, the bearing 
of one mineral to the other, the E. A. valacs ami so forth, as it is felt that informa- 
tion. on these aspects is still meagre. An intermediate course has, therefore, been 
adopted by ma, king a collection of all relevant data, ratios, etc., in the Appendices 
in order that they might he available for interpretation m the light of future 

development. 

It need hardly be stated that whatever niiglit be the relation of mineral 
matter either with respect to the ahsolute amount or to their respective pro- 
portions, the nature of the feed is by far the chief determining factor, and 
Inhmidi there is some deficiency of lime in rice straw feed the deficiency of 
phosphorus is probably the chief limit ing factor. 
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THE OCCIJREENCE OF SPINOSE HAE Tim iORNITHO- 
DORUS MEGNINI BUGES IN IHBIA^ :; ■ - 

BY 

S. K. SEN, M.Sc., P.R..E.S. 

Enlomohxjist^ Imperial VetemMry BeMafcli. Imiitufe, Mulckswar 
(Received for publication, on 27th April 1937) 

(With Idates XIII & XIV and ona toxt-liguro) 


On the 15th January 1936, a consignment of ticks collected post-mortem from 
inside the ears of an Australian horse that had developed symptoms of incoordi- 
nation of movement evidently as a result of the infestation, was received at the 
Mukteswar Institute from Captain J, S. Kingston, R. A. V. C., Officer Command- 
ing, IVElitary Veterinary Hospital, Saiigor, Central Provinces- These, on 
examination, proved to be the nymphs of OmffAodorws mtgnhii Duges, the 
Sliinose Ear Tick of America, the occurrence of which had not been previously 
recorded in India. A specimen of the tick was also forwarded to Mr. Ctmil 
Warburton, at Cambridge, and he confirmed the identification. Conceniiiig the 
animal from which these specimens of ticks were recovered, Captain Kingston wrote 
as follows : 

“ The animal in question. Equitation School Horse No. 146, an Australian 7 years, 
has been at the Equitation School for about 4 months. It coiild rightly be described 
as insane. It took sadden frights at the approach of man, started without apparent 
reason, i>ut individuals in hospital who tried to come near it, and would not allow 
its head to be touched ...... . .1 did a post-mortem examination and found about 

twelve ticks in each ear. They had perforated both ear drums and laid bare the auri- 
cular nerves and infected the pietrous temporal bones. They were not attached 
to the mucous membrane inside the ear, but lived in a cheesy mass wdiich they produced 
in both, earn 

Subsequent to the receipt of these specimens, three further consignments 
of the same species of tick were received, two of these being collected, as before, 
from imported Austraiian horses and one from an Indian mare foaled and rented 

*P{ipe.r road at the Indian Science Congress held at Hyderabad-Decean, January, 
1937. Rewritton and brought up to date. 

^These observations have since been published by Captain Kingston (see list of 
.wferences).,' 

' ■( ,213 ) : ■ ■ 
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at the Ahmednagar Stud Farm. Concerning this last, the Veterinary Officer, 
Ahmednagar Remount Depot, furnished the following interesting information in a 
letter dated the 15th September 1936 ; — 

“ The case under consideration is of interest, as it is irnprobablo though not im- 
possible that infection could have been carried from Australian horses to this animal. 
The Stud Farm where the animal was bred is some throe miles from the Australian Re- 
mount Depot. The animal has never left this stud and has only been in contact with 
Australian horses to a very limited degree. Tlie number of Australian horses in tliis 
Stud would not exceed 1 2, nor has any case of these ticks occurring among these horses 
been found. Examinations to date have revealed the iiresenco of Spinose Ear Tick in 
one other Indian bred horse in the Stud 


It was, however, mentioned by him that the Spinose Ear Tick occurred com- 
monly amongst Australian horses, some eight or nine cases having been found during 
the preceding two years when the average yearly strength of the Depot 
was 750. 

As the species seemed to be of more than sporadic occurrence in India, com- 
munication was at once entered into with the Director of Veterinary Services, Army 
Veterinary Department, with a view to obtaining some indication of the extent to 
which this parasite had established itself as a pest of domesticated animals in this 
country. At our request, instructions were kindly issued by him to the Veterinary 
Officers in command of the different stations under him to cany out, as opportun- 
ity occurred, an examination of the ears of horses and cattle in their charge for 
the presence of these ticks. This examination, which has now been completed, 
has revealed the existence of the Spinose Ear Tick in three stations, namely, 
Saugor, Mhow and Ahmednagar. The details are as follows : — 

(1) At Saugor . — Out of 523 animals examined, sixty-eight (or 13 per cent) 
were found infected, and out of the latter, about 50 per cent were of Australian and 
an equal numlier of Indian breed. The infected animals did not disjilay any 
definite sj’mptoms, their condition remaining good. >Sorae resented handling of 
heads and ears and a few W'cre excitable, while some liad discharges from the affect- 
ed ears ”. 

(2) At Mhow , — Out of fifty-five horses examined, four (or 7*3 per cent) 
were found infected, but none of these showed any untoward symptoms. Speci- 
mens of ticks w'ere also taken from the ears of a private charger that had developed 
a violent shaking of the head as a result of the infestation. 

(3) At Ahmednagar . — Out of 250 Australian houses examined during January 
to March 1927, twenty-two (or 8*8 per cent) were found infested, the maximum 
number of ticks found in any one ear being forty-eight. None of the affected 
animals developed any chnical symptoms. 
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As to the manner in which 0. rmgnini cams to bs introduced into India, 
three possibilities suggest Lliemselves : that it may have been ))i’ought (1 ) with nudes 
coming from America ; (2) with stock coming from South Africa, where the tick 
was first seen in 1898 [Bedford, 1917] ; or (S) with horses imported from Australia. 
It would, however, ap})ear from a communication, dat(‘d th(« 13th NovernlKir 1936, 
received from the Giief of Division of Animal Henith, Australia, that tlic parasite 
is quite unknown in that C!oind;ry, so that it may he reasonably concluded that it 
has been iutroduced with stock coming from one or both of the other twt) countries 
mentioned above. This conclusion would seem to find svqqjort from a statement, 
whiclii we have received through the courtesy of the Director of Veterinary (Services, 
Army Veterinary l)epartnu*nt, and whicli shows that tint num]>er of Ameri<ain and 
(South African mules received and dealt with by the Ahmednagar Koraount Dep6t 
during the past thirteen years w'as eighty-two and 729 respectively. 

From the foregoing, it wmuld appear that the pai’asite is faiidy widespread in 
this country, and in view of its importance as a pest of domesticated animals, it 
would seem desirable that veterinary workers in. India were made ae(|uainted with 
the habits and the general features of this tick and also with the symptoms known 
to ]>B produced by the infestation. 

It is my pleasant duty to express my grateful thanks to Mr. F. Ware, 
F.R.O.V.S,, F.N.I., I.V.(S., Director of the Imperial Wterinary Research Institute, 
Miikteswarj for the keen interest with which he has watched tlie ]>rogre.ss of this 
investigation. In feeding the ticks on horses, 1 have re(.‘(;ived much help from 
Mr. J. A. Idnani, Vetca-inary InsjK-etor, for which 1 am d(*eply indebte^d t.o Itini. 
My tlianks are due to Mr. Alimod Bakh.sh, Artist, for the illusiraiit.ais, w'hich lie 
has drawn in original from speeimmis ],ired out in the iabni-atory, 

• Distbibittton 

It is generally agreed that the original home of the? (Siiiuose .Kar Tick is the 
United (States of America, where it is particularly prevalent in certain south-western 
semi-arid sections. According to Imes [1918], the climafic conditions in parts of 
Texas, Oklahoma, Rew^ Mexico, Arizona and California are favourable for the 
rapid multiplication of these ticks. Kuttall and his eoliaborators [1908’] quote 
Duges [1883] a.s having first described the tick from Mexico, where it is reported to 
be abundant in the State of Guanjuato. The tick is also known to occur in South 
Africa, where, according to Bedford [1917], it was probably introduced with stock 
conung from America. Although it is not known when the tick was actually in- 
troduced into that locality, Bedford mentions Thciler us having found it at Vryburg 
in 1912 and lie further refers to Manley as having first seen this species in Cape 
Colony in 1898. 
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Habits of the ticks and theib befects upon thbib hosts 

As tlie name Spinose Ear Tick implies, 0, megnini is cliaracterizcd by the 
possession of spines on its body in its nympbal stage and it bas the peculiar habit 
of locating itsoifdeep inside the ears of its hosts, which include cattle, horses, mules, 
sheep, goats, dogs, rabbits and. man. Story [1920] states that the tick occasional- 
ly feed.s on the skin in the case of sheep. In cases of gross infection, the ears may 
be packed full of these parasites, which frequently crawl into the ear- Canal and 
even attack the ear-drum. According to Heree [1921], the ears of infected animals 
are droopy, hair rough, fattening is difficult, and under range comlitions, death is 
not infrequent. In horses and mules marked shyness is observed, and this is 
sometimes so extreme that it is almost impoBsible to halter or bridle an infested 
animal The symptoms are graphically described by Imes [1918] as follows : 


“ The infested animal iisiially shakes its head and repeatedly turns it from side to 
side, meanwhile inveiTing first one ear and then the other. When irritation and itching 
are more intense on one side, the animal often tuims its head so that the more sexiouKl v 
affected ear is held inverted. There is a tendency to run and scratch the cars, and 
yoxing animals often nm as though endeavouring to relieve the nervous tension. 
Horses and dogs seem to bo more sensitive than cattle to the pain and irritation. 
TChey scratch and rub their oars, shako their heads, and often lie down and roll, 
rubbing their ears on the ground 


Story [1920] states that young calves suffer most from this pest, its bite 
producing swelling and abscesses in those animals. 


Description of the different stacuss 


The morphological features of the different stage of D. megnini have been fully 
described by Kuttall and Warhurton [1 908] and a brief and useful description of 
these stages has also been given by Bedford [1912]. In the description that 
follows, only such features of the morphology of the tick will bo dealt with, as are 
likely to ho of use to the veterinary worker in recognizing the parasite under 
field conditions in India. 


Egg {PMe, XIII ^ fig. 1 ). — The egg is circular in shape and measuring about 
0'8 mm. in diameter. Like the eggs of other species of ticks, it is dark-browm 
in colour, which does not appear to alter in intensity during the inculcation period. 

Larm {Plate XIII} fig. 2).— -Elongate oval and white in colour, with a long 
terminal capitulum and with the integument finely striated and provided with 
bristle-like hairs. Palpi slightly longer than the capitulum, hypostome armed and 
the digits of chelicerae fairly conspicuous. Legs long and pulvilliform. When 
unfed, the lai-va measures about 0*7d mm ; when engorged, it is egg-shaped and 
measures 2 to 4 mm. in length. 






DIFFERENT STAGES OF THE SPINOSE EAR TICK 
Ormthodorus megnini 

Fig. 1. Egg. X67, 

Fig. 2. Larva, imfed, dorsal view. X67. 

cA., distal extremity of chelicera, enlarged ; 

J., tarsus I in profile, enlarged. 

Fig. 3. Nympli, dorsal view. x6. 

h., bristly hairs, enlarged ; sp., spines, enlarged ; 
t., tarsus I in profile, enlarged. 

Fig. 4. Nymph, ventral view. X6. 
c., capitulum ; spiracle. 

Fig. 5. Nymph, mouth-parts (chelicerae omitted). X67. 
hypostome ; palp. 

Fig. 6. Adult, dorsal view, x 6. 






OCCURRENCE OF SPINOSE EAR TICK IN INDIA 217 

Nymph {Plate XIII, figs. 3, 4 and, 5).~T}i6 most cliaractoristift feature of tlie 
iiympli is that its body is beset with a number of posteriorly-directed spines, from 
which, as already mentioned, the Spinose Ear Tick derives its common name. 
These under high magnification appear horn-like with a ringed base and are present 
both on the dorsal and ventral surfaces and also on the sides of the body, which is 
conspicuously constricted behind the hind legs. In addition to the spines, there 
are a number of muoh smaller bristly hairs covering the whole skin of the nymph. 
Capitulum sub-terminal or slightly projecting anteriorly, hypostomo armed and 
palpi thick. Genital aperture absent. The spiracles are characteristic, being 
situated on tubercles between coxae III and IV, somewhat ventral to the dorso- 
lateral border. Legs fairly stout, with well-developed tormina] claws. Golour 
of engorged nymph dark-brown. The measurements of four replete spedmeris 
were as follows: 8*5 x 5*5 mm.; 10 x 6*5 mm.; 8*5 x 5*5 mm.; and 
7’5 x 4*5mm. 

Adult (Plate XIII, fig. 6'). — Body fiddle-shaped, slightly attenuated anteriorly, 
hut rounded posteriorly ,and sharply constricted behind logs IV, Unlike the 
nymph, the integument of the adult is provided witli small, shallow, circular pits, 
whilst its dorsal surface is wdth at least four pairs of symmetrical depressions. 
Capitulum short and hypostome unarmed, so that the adult is incapable of 
feeding. Eyes absent. KSpiraelos circular. Anus situated centrally in a 
depression posteiior to Legs IV. Genital aperture between fir;t pair of co.xao. 
Legs pale-yellow, rather thin, each tarsus being provided with a dorsal protuber- 
ance. Colour brown or slate. Size 8x5 mm. 


Life-htstory 

The female ticks lay their eggs in cracks and crevices of buildings, fences and 
trees. According to fistory [19201, fke favourite hiding place of adults is loose, dry 
manure between stones at the bottom of kraal wall. On hatching out from the 
eggs, the aciivc larvae, which are six-legged, crawl about and enter die eans of 
their liosts and become fully engorged in a week or two. The engorged larvae are 
grub-like and inaciive, and after a period of qniesoenco, they shed their skins and 
turn into eight-logged nymphs, wdiich may remain attached to their hosts for from 
one to seven months [Imes, 1917]. When fully engorged, the nymphs leave 
their liost and migrate to a sheltered spot whore they moult to the adult stage. 
In such places, both mating and oviposition occur, for, as already mentioned, 
the adnlt-s never feed and do not, tlierefore, require a host. 

At the Muktoswar Laboratory, one male and one female nymph were found 
moulted to the adult stage on the 2nd May 1036. These were kept together in a 
tube and the first batch of eggs was deposited by the female about the 26th May 



218 THE INDIAN JOURNAL OF VETERINARY SCIENCE AND ANIMAL HUSBANDRY [TO, III 

and tlie emergence of tlio first batch of larvae occurred on the 18th July. On the 
29th July, about thiity of the larvae were introduced into the ear of a country-bred 
pony, the following device being adopted to prevent the ticks from escaping. The 
larvae were loosely held inside a small piece of muslin -gauze and the latter was then 
folded over to immobilize the larvae momentarily. The piece was now quickly 
inserted into the ear and the opening of the latter closed up hy means of a piece 
of finely-meshed muslin glued on with Chatterton’s compound. As an additional 
precaution, the ear, with its gauze-cover, was enclosed in a strong doth hag, any 
damage to the latter being prevented by making the animal wear a specially made 
hood, as shown in the illustration (Plate XIV), When the ear of the animal was 
examined at the end of thirty-five days, four of the larvae were found to have 
changed to fully-engorged nymphs. A batch of larvae was also introduced into the 
ear of a rabbit, which was kept under observation for about a month, but the 
larvae died without developing. In this case, the rabbit was made to wear a card 
board collar to prevent it from scratching the infected ear. 


Tkeataient 

According to the Bureau of Animal Industry, United States of America, an 
effective remedy against ear-ticks is a mi.\tiire of two parts by volume of ordinary 
commercial pine tar and one part by volume of cotton-seed oil. The remedy is 
applied by means of a metal or hard-riibber syringe capable of holding one to two 
ounces, the mixture being warmed to ensure its ready fiow. Story [19203 stresses 
the desirability of taking care that the mixture is not smeared on the hair in the ear; 
otherwise when the ear is flapped, the mixture may get into the eye and cause 
irritation,. '■ 
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and tlio emergence of the first hatch of larvae occurred on the I8th July. On the 
29th July, about thii ty of the larvae were introduced into the ear of a country-bred 
pony, the following device being adopted to prevent the ticks from escaping. The 
larvae were loosely held inside a small piece of muslin -gauze and the latter was then 
folded over to immobilize the larvae momentarily. The piece was now quickly 
inserted into the ear and the opening of the latter closed up by means of a piece 
of finely-meshed muslin glued on with Chatterton’s compound. As an additional 
precaution, the ear, with its gauze-cover, was enclosed in a strong cloth bag, any 
damage to the latter heing ])revented by making the animal wear a s]io(‘ially made 
hood, as shown in the illustration (Plate XIV). When the oar of the animal was 
examined at the end of thirty-five days, four of the larvae were found to have 
changed to fully-engorged nymphs. A batch of larvae was also introduced into tlie 
ear of a rabbit, which was kept under observation for about a mouth, but the 
larvae died without developing. In this case, the rabbit was made to wear a card 
board collar to prevent it from scratching the infected oar. 

Treatment . . 

According to the Bureau of Animal Indnsiry, United Stetes of America, an 
efilective remedy against oar-ticks is a mixture of two parts by volume of ordinary 
commercial pine tar and one part by volume of cotton-seed oil. The remedy is 
ap]>Iicd by moans of a mota! or hard-rubber syringe ca]:ab]e of holding one to two 
ouiKies, the mixture being wanned to ensure its ready flow. Story [1920] stresses 
the desirability of taking (;are that the mixture is not smeared on the liair in the oar; 
otherwise when the ear is flapped, the mixture may get into tlie eye and cause 
■■ irritation.. ■ 
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(With ono text-figure) 


THE possiWlity that Intirig flies arc toTOlved in the transmission of rmderprst 
in oattio lias toon streaseil liv- more tlinn one worker, lint tlio w'ork so far earned .mt 
to oxiilore this nossiliility ciwmot he regiirclod as having been extonsivc. Ihe 
resnits— for the most part negativc-^tliat have been obtained tliilerenhwor trs 
in traiisiilittiiiH the ilisease liave alreaily been siumminsod by Hornby [1,)20], hm 
111)0(51 Bl'iaiia [llinr,]. A iiotalile p<'sili«' recorded in this cfliiiieotioti 

was” that by tb.iiibv, win. stieceede.i in trallsiiiittiiig riii(ler,.est in Knst Airiea 
through ti.e bites ofV.V,«;»« Quite reeelitly on a siiggostl.iii imidc ly 

Crinvford llilflfll ill CVvIoii thiif. Ihe larger biting flies may lie the Iriiiisiliiiters of the 
disease in India, Dh'atia [Itlflr.l earned out a scries of transmission t^xpcniileilta 
with erfe»/fe and ,SVm«o,,v/« Mmm the flics being made to bite liy the 

so-called " iiileniipled metiuid. in the ease of the former, lie miereeded iii ob- 
taining posilive results in one instance, but liis rosnlte with S. cahibrnia were of an 
entirely negative order. With the latter species, ho eanied out a senes of four 
experiments, the linniber of flies used in each ranging from ten to ibnrlcen. H. was, 
however, considered desiralile to eiiny out a more extensive senes of expenineiits 
with this stieeies lieforc elimiiiafingit as a ti-aiismitter of the disease. As will ho 
seeii from what lias to lie stnloil later, the results ohtiiincd l.,y the present wnters 


1937, 


■^iSjTeiTeiid at the Imihin Sdeiieo Congi-iss held at Hyderabail-Deccaii, .January 
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were negative and arc, |j^e,r 0 foTSj in accord with tliose recoi'ded by Bliatia. Apart 
from 3 'cporting tJie.se ivsu'Hs. one of the o’l.'jecl.s of this brief note is to describe 
a metJiod wJiieh Isas jiroved satisfaetca-y for the jan pose of feeding a large number of 
flics by the “ interrupted ” method within a limited pei’iod of time, for it is almost 
needless to stress the desirability of employing a method that ■would substantially 
reduce the amount of time usually taken in earrying out feeding work of this kind. 
n.nd at the same time make it po.ssiJde to did ermine, with a fair degree of eertainty, 
wivat pneportion of flies have aet.vially fed. 


, Matebials and methods 

In the present trials, only wild specimens of /S', calcdtram were used, these being 
of common occniTence on animals^ notalfly buffaloes, grazing in tlie station area at 
M'nkteswar during the summer months. The flies were kept singly in glass tubes 
meamring one inch in diameter and four inches in length, the moutlrs of the tubes 
being closed with mosquito netting with meshes (about eighteen, to a linear inch) 
sufficiently large to permit of the flies ffiting through them. In order to provide 
moisture to the fiie.s, the tidies containing them were kept inverted over moistened 
cotton wool in a tray, a. t-heet of wire-gauze ].)eing intei'poscHl between the tujies 
and the w'ool to proveuf. flic flies from co'miug in direct contact with -the moisture 
[r/. Sen, 192f)]. By ilsi.s means, it i?a,s pf'.s.sihle to keep a largo proportion of the 
flies alive for at least' feu days. The mortality vras high on cohl, cloudy days, or 
wdien the Tuoi.‘.:-i'Ur<> -was co'iupltbiy eviniorated o.tF during the night and was not 
replenished in due time. Siieoinunis which ])ersistently refused to bite on any 
one day wert^ allow’efl to suck a. drop or twai of ca'ne sugar solutiou ]ilaced at the 
moutli of the tulie. ICacIi tidie w'us muid-uwed, .so a.s to make it possible to 
maintain an accurate- bistor)" of individual llies. 

The. flies received their infective feeds on lad Is a-rtificiall'y iirfeetcd with a 
virulent strain of nnder])cst; vii-iis, aiifl in all eases due care w-as taken to <hr ose 
good reactors. After being jiartia.lly fed on riiulei'[iesl-inh‘eted bnlis, they 
W’-crc allowed to eom]il(tc tlHir -feed on a young, healthy hul!, housed in a .small 
shed {cjiuppfr) , at a coTn eme nt Jait .‘•^ah' di.stance from infected .sheds, in order to 
prevent it from t'ontrnetin.g iirfrct ion by means other than through, the ex]ienment al 
flies. Throughout the cjhservation period, a lecord was kept of th.c morning and 
evening temperature of this animal, as also its general condition. 

For feeding the flics, the. glass tubes containing them were inserted through 
circular holes bored in. a cork-shect measuring 7 in. x 3^ in. x "I in., the diameter 
of each hole being slightly less than an inch, so that the tubes fitted somewhat 
tightly in them. A cork-sheet of the dimensions mentioned above has been found 
capable of holding at least ten tubes (Fig. 1), 




Fig. 1. — Feeding tubes arrangeii on coi’k-slsec?^ 

'File anima! intended to jiroviele tlie infective feed was east and inmiobiiked 
by tying it down by means of a good lengtii of rope. A fairly largo area on its 
abdornen was now closely clipped liy meaiis of a. pair of (!!i])piug scissors, and tbe 
wbole sot of tidies was inverted siiuidtaneonsly over the clipped area, the cork- 
shest iKiing manipulated in a manner so as to cause i t to assume tlie reipiisite degree 
of curvature, so that each fly was enabled to obtain its feed at tlie same time. No 
fly w'as allowed to feed for more than one minute, at the end of which the tube con- 
taining it was pulled u]i tbrougb the hole so as to ‘ break ’ i s contact witli tbe body 
of the animal. A maxiiniira of ten minutes wais allow'ed to each fly to comimenco 
its feed, hut it was observed, that tho.so tliat dicl not feed during the first five niinutes 
seldom did so afterwards. It is simple for one man to operate two cork-sheets 
.simultaneonsly, and liy this metJiod, the writers liave, on bright .sunny days, 
succeeded in feeding a largy number of flies within a short space of time. Tlie flies, 
after being infected in tins niauner, wore allowed a maxi miun of ten minutes 
to complete their feed on a healthy anima!, and .seldom has any difficulty been 
ex]»erienced, in inducing , sue!) ‘‘ hitorriipted ” fi'cders to feed again. Tlie interval 
between the two feeds iviiiged from fifteen to forty-five minutes. 

lu tlie beginning, it was a mutter of some difficulty to determine with cer- 
tainty wdietber a paiticular llyiiad ;u;tuiilly led on tlu' in feel ed animal, but with 
cxjficrienee, tills bceanie eoiiijiuratively easy. The ajipeanuuic of drojilebs of blood 
on the bitten .sjiot, the ‘ ]»rodding ’ of the ju-oboscis through tbe meshes of the net- 
ting, defecation by tiic fly after an apparent bite— these, cither singly or in taimbina- 
tioii, w'ere taken to be diagnostic of a feed. In tbe case of flies that had fed ].)ar- 
tiaily, distension and retldening efl the alxloinen i.s not always ajijiarcnt, and ex- 
perienec ha.s .shown that a good {‘riterion of a feed is the nccurrciiee of haeinorriiage 
on the spot where the bite has l>ecn inflicted. In. practicxg liowover, it was not 
always easy to ascribe a haemorrhagic sjiot to the particular fly tliat had claused it. 
This difficulty ivas overcome in the following manner: A thick sheet of paper 
cut to tlic size of the cork-sheet and containing an equal number of holc.s of the 
.same diameter wa.s intiu'po.sed between the cork-sheet and tlic clipped area. In 
ord-crto a.scortaiii wheUier aparticulimfly had fed, the cork-sheet, together with 
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tho tubes, was partially raised wit.liout (iisplaciug the sheet ol’ ])ai)er and the 
clipped exaiiiiued througli the holes for tho octim'fence of liaoinorrhagic 
spots. 

Expeiitmestal observations 

Ah niontioiied earlier in this note, only one heahJiy Ind! was used in these 
experinuarts, but, as will be seen from the tables that follow, the iiuinl;)er of infective 
bites inflicted on it was siifficieiitly large to admit of definite. <.*on elusions being drawn 
as to the possihility oi 8. cahUrans being involved in ilu.; I'pu'ad of the disease. 
Ill the experiincaits, three batches of flies ivere employed, thos'c of the first two being 
fed singly by the method described above, but in tlie case of the tliird batch, the 
flies were fed this being considered desiralfie in order to hasten progress 

of the work, particularly ■when it wars foniid that a total of as many as 411 individual 
bites (m/m) failed to produce any a,pparent effect on the experimental animal. In 
the. ‘ massive ’ feeding, the flies, iiumlHuing abou 300, were enclosed in three 
cloth cages, each containing a.pproximately 100 flies, and tlie cages were then 
applied directly on a closely clipped area, on the body of aiunfected animid and 
allowed to remain there for from one to one minute and a iialf, and an approximate 
count was made of the number of flies found feeding during tluit period. They 
were then allowed to complete their feed oh tlie heaitliy bull, it being assihned fr^ 
previous experience gained in feecling itKlividiial flies tliat they had done so. The 
numbers of infecting bites inflicted on the healtliy animal on diflereiit dates are 
shown ih the following three tables 


Numbar of infedwe bites mfUckcl fry flies ef they fb'8t hdl€iii ( fed sing 


Total number of bites 


Total number of days over wiuoli the bites were spread 



'■ April 

|..May'' 

/..’Date: ■ 

12 13 

14 15 16 17 18 llJf20 21 32 23 2 

4, '25 26 27 28 .20'' 30" "■ 

■'hi 

Number 
of bites 

5 11 

]8 8 f) 5 () 4 8 .. 4 .. j 

S 31 25 i5 ., 13 7 

2 
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Table II 

Number of infective bitm htflkied hj JUch of Ihc Hcmnd hatch (fed shojly) 


J3ato 


Number of bitoa 16 


May 


18 


10 


17 


20 


21 


56 


22 23 


31 


25 


Total of Ijites . . , . 

Total util of dayivovur wJiicii fclio bito^ \v<.H'e a[jr(,'ati 


. 227 
6 


Tai>.];b hi 

Number ofinfxHvc (dies injUclcd hij flien of f he tldnl halch [ftd cu mut-se) 



JllliO 


Numl)t.!)’ of 
bU<iS 


1 2 


.100 100 


Total mitn bet’ of bill ‘H ... . . . . . 070 

Total number of dayrf ovt r wliitTi tlio bilert wci'C .spmvi . . 0 

As will bo seen from tlie foregftiiii:'; tables, tlic ox]jc'i.‘iu](‘nl;il bull roooived 
approxhiuAidy a total of 1,081 bates spi’ead over a period of ivvTaity-nme days, so 
tbfit it inn y la; i'ey,'nrdotl as lun-iiiig iK-en oilci-ed every chanee of eoiii.raeting tho 
iiifeeiion tbrongb tlse intermediary of fbest; Hies. Th<' animai, liowover, ronuiined 
nonual dnririg an observitiimi ]ieriod of about forty-ilvo days, coimnencang 
from the- date on, wbieb it. rtseeived its last hito. At the cud of this pei'iod, it was 
inoculated witli 5 c.e, of virulent rinderpest blood, and. as a result it died after 
developing typical ,sym|>loins of tbe disease. 
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SUMMAKY AND CONCLUSIONS 

1. Stomoxys cakitrmid has heeii found incapable of transmitting rinderpest 
under experimental conditions. 

2. A method is described for feeding a large number of flies singly, by the 
‘‘ interrupted ” method, within a short period of time. 

Acknowledgments 

Wo are deeply grateful to Mr. 1?. Ware, 0. 1. E., F. R* C. V. S., F. N. 1., I. V. S., 
Director of the Imperial Veterinary Research Institute, Mukteswar, for granting 
facilities in the prosecution of the investigation. The junior author is indehted 
to the Civil Veterinary Department, Punjab, for the grant of a research scholarshiji, 
during the tenure of which this work was carried out. 

REFERENCES 

Bhatia, H. L. (1935). Tlie Role ol Tabarms orientis Wlk. and Stomoxys caloitrans 
Linn, in the Mechanic aV Transmission of Rinderpest. Ind. 
J. Vet. Sci. <£y An-im, Iliisb. 5, 2-22. 

Crawford> W. (1933). Rinderpest-^Transmission of Infeetion by Contact. Ind. 

Sci. S Anim. 

Hornby, H. E. (192C). Studies in Rinderpest Immunity : (2) Methods of Infection. 
FeL J. 82, 348-365. 

Sen, S. K. (192G). Experiments on tlie Transmission of Rinderpest by means 
of Insects. Alum, Dept. Agric. Ind.^ Ent. Scr. 9, 59-185, 



SOME DIGESTIBILITY TRIALS- ON INDIAN FEEDING 

STUFFS 


XI. COTTON-SEED CAKE AS A CATTLE EE KD 
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AND 


PANDIT LAL CHAND DHARAIANI, L.Ao., B.So. (Agri.) 


AgrkuUural CoUega, Lyallpiir 


(Received for publicaliovi on 27i.h April, 1037) 


In earlier public, ations [Lander and Dliarniani, 1920, 3935] of this sericB, an 
acooimt was given of the feeding values of certain Amerif*an and T)esi cotton- 
seeds as detoriniiicd by digestibility trials at Lyall])ur using oat hay as a basal 
ration. One of the objects of those invesf igations was to ascertain how far the 
prevailing pirejiidioe against American cotton-seed as a feeding inaierial on 
account of the adhering lint held good. It was shown lhat tin's prejudice could 
not be .sidistantiated. It was also suggested [Lan<lor and Dliarniani, 1929] 
that an oil-content as high as that found in cotton -seed, viz., about 20 per c‘ent 
was unnecessary for cattle, and that ])or]ia[)s a greater utilizat ion of the feed could 
be made if cotton-seed cake instead of cotton-seed w'cre fed. No trials at. that 
time could, however, lie conducted with cake as it wiis not tlicn possible to obtain 
cotton-seed eake in the Punjab, With the oxjinnHion cf the soap industry in the 
Province a great demand for cotton-seed oil has arisen and a local mill has recently 
produced cotton-seed cake from 4 F American cotton seeds which are compara- 
tively less fuzzy than other American varieties. Tlio cake is ])roduced by press- 
ing the whole seed, without dclinting or decorticating, in the oxpellers, from 
wiiitii the cake issues in fine Hakes which resemble loria {Brassica napus) cake 
in appearance. This cotlon-sced cake has been used to a large extent by the 
Military Dairy Dcjiartmeut, but has not yet been taken up bj’- farmers although 
it is selling in Lyalljmr at the eheap rate of from ton. to fourteen annas a inaund, 

" t -.225 ^ ■■ 



trials were carried o\it at Lyalipnr on three Montgomery breed lieiters witii oat 
hay (a maintenance ration) as basal ration fed raf lih. The techniqne followed 
(Inring the experiments was the samo as already jnibiished [Lander and 
Bharmani, 1929]. 

Cotton-seed cake w^as fed once a day separatelj^ after being soaked in water 
for about two hours prior to feeding. Two heifers wore given 2*5 lb. of cotton- 
seed cake each per day while the tbircl was fed 2 ■ 0 lb. only. The slight variations 
in the rpiantity of cottons-eed cake fed were made in order to see whether such 
variations woiild have any effect on the digestibility figures obtained. There 
was no appreciable difference to record. No untoward effects whatsmwer were 
noticed in the general health of the experiniental animals over long peiiods. 

Table I shows the chemical composition of the cotton-seed cake, and for com- 
parison, corresponding data fm Bmsm iBras^^ toria cakes, 

which are commonly used in the Punjab, are also shown. 

It will be seen that cotton-seed cake contains a lower peroeaitage of hit and 
protein than the other eakea and a larger amount of crude fibre. 

The digestibility data for various cakes given in Table I show that the digosti- 
hility eo(ffficicnts for dry matter, fat and fibre iiro Iiigher in cotton-sced cake 
.Ilian in the others. 

A peruHsd of i;hc data set forth in Table II showing starch oquivalonta, 
digestible ^wotoiii, afiinmlmiid ratio and price per unit, riiveds that (Mitton-seed 
cake is sligldly lower in starch equivalents than other cakes, and is markedly 
lower in digcsliblo protein. It is, however, tli,e cheapest of all (ho c:akovS from tiio 
point of view of starch equivalents and digestible protein and it would pay to 
buy and feth coti on-seed cake, assuming that (he jiroioins in various c.akes arc 
of ccpial biological eftieiemiy. Even if the price of (he cottou-seed cake rises to 
Ps. 1-ld-fi per inaund it would still be an oeonomicai food to e uploy. 
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In Table III, the values of eottoii-seed have been compared vdth those of 
cotton-seed cake. The figures for digestible coefficients, starch equivalents and 
digestible protein show that the nutrients in the form of cake have been 
better utilized by the animals than in the form of seed. 


Table IV 


coefficients 


Name of the feed 


Sarson seed (crushed) 


4 F. cotton-seed 


Tow cake 


<Sar«<W- cake 


Fat 

percentage 

Digestibility 
coefficients 
of fat 

36-22 

82*33 

20-73 

87-90 

11-83 

90-84 

10*10 

93-08 

8-47 " 

08-01 
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BY 
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iHTBODtrCTIOK 

OuTBEEAKS of septiciiemia in pigeons due to S. mterUiihs Gaertnor are of 
rare occurrence judging by the few recorded cases in literature and the record- 
ing of an outbreak of this disease in pigeons maintained for vaccine production 
at this Institute is, therefore, of special interest. It may be mentioned that no 
previous records eKist, in Indk. to establish the incidence of sa moiieUosis in 
pigeons and it is believed that this, if not the fet outbreak is. at least, the hrst 
in which a detailed investigation has led to definite conclusions regarding the 
etiology of pigeon septicaemia. 

The niseons which were the viedims of the attack were normally used for the 
production of fowl-pox vaccine. It was noted that, shortly after the virus ino. 
cnlations, pigeons rapidly commenced to die, the symptoms noted being fever 
and enteritis of an acute type. As the symptoms could not Ik. ascribed to the 
viriA inoculations, a bacteriological exainmation of the f iscahic. mt s was mac. o. 
A strain of iS'i enicrftuhA was readily isolated .It om the bloo<l iuid organs of every 
pigeon examined, and on further biochemical and serological teste was proved to 
be S. enteritidis Gaertner , Signifieaiice attaches to the fimluig since pigeons are 
a popular and easily obtainalde article of diet in India and as the organism in 

question is pathogenic for man, the potenti^^ earner 

birds is readily realised. 

Materials AND METHODS 

The organism described was isolated in all cases from the heart-blood of 
pigeons after death, and four cultures were used for the experimental work. 
The numbers 124, 125, 127 and 115 refer to the muiibers of the pigeons from which 
they were obtained. The cultures were subjected to a primary pathogemofty 
test and purified after repeated plating. No difficulty was noted in obtaining 
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pure cultures to proceed Avith.. The various anti-sera used for typing the Sal- 
moneliix, under study, were prepared from rabbits and the antigens from authenticr 
stock strains. 

■ Ta,blb' I ' ' 

Details of the cultures and aut isera- used for studying the agglutination remiions 


No. 

of 

culture 

Particular.s regarding source 

Anti-serum 

prepared 

from 

Bemarks 

124 

Pigeon int'HniluP'd v.’ith pox 
A’ii'iiiS oil laiJi OcL, i U3L) and 
died on 30tli 0<-t., ]‘.t30. 

None 

No lesions of pox. 

125 

Pigeon inoculated wiih pox 
virus on loth Oct,, 1935 and 
died on 25th Oct., 1930, 

Du. 

Do. 

127 

Pigeon inoculated with pox 
Aurus on 15th Oct., 1930 and 
died on 31st Oct., 1030. 

Kabbit 

Pux iesion.s reproduced. 

115 

Pigeon inoculated AA’ith live 
culture isolated from Pigeon 
No. 124 (aboA^e) on 31st bet., 
1930 and died on Sth Nov.. 
1930. 

Do. 

Mojre pigeons inoculated along 
with this, died and Sal- 
monella reeoA’^ered (Table 

IV). 

S. 52 

Lister IrLstituln 

Do. 

Fowl typhoid (s, qalUna- 
rum). 

S. 53 , 

Bo. 

Do. 

S. puUoruiii. 

S. .44 

Bo. . 

Do. 

S. cntcritidis thiertner. 

d. 61 

Bo. 

Nujio 

/ V? ra coli {caieril id is). 

y. t)3 

Local . . . . . 

Do. 

B', enlerifidls from the Patho- 
logy Department of this 
Insiiluto, 

S. 05 

Local Spec. No. 537/32 Abor- 
tion niatorial brood niare. 

Do. 

S'. Cldc/ itidis. 

S. 84 
S. 85 

B 80 

S. 87 

S. 88 
S. 97 

Lister Institute 

Bo. 

Bo. 

Do. 

Do. . 

Speoific eHieritidis in eah^es. 
j Spec. No. 564/34. 

Do. 

Do, 

Do. 

Do. 

Do. 

liabbit 

(S', entcritidis Limerick. 

S'.- cnlcrUidis var. Danzig. 

N. entcritidis var. Dublin. 

(S', entcritidis var, Rostock 
(Kaul'fmann). 

(S', cnterilidis var. Moscow. 
(S'. eiUeritidis var. Dublin 
■■ (Indian strain). 







SALMONELLA ENTEmmilS ISQUTi;D Krin.M IMOKONS ^ 2S3 

MoeFHOIjOOY and STAININO CIIAKACTERTS-rrcS 

The organisms are incliatingiiishahle froni meinbers of f he GoIoiJi-t.yplioid 
group. The rods measure froni ITi to 2-0 microns in leiigth anci fro n 0*5 to 
0* 8 of a micron in breadth. From sigar cultures singles ami |)airs are seen. 
(Plate X-V. Fig. 2.) Under d^rrk ground illu n:niri.tion m-wiy pairs could he demons- 
trated with prtjnoiniced inotilh^^^ It is grain-iiogativm. 

{ 'OI/rUKAh OUAlUCTEBlSTrCS 

Growth is luxuriant under aerobic conditions in me-dic. with a pTl of 7'4, 
It propagates well at 37° G. in the incnluitor hut at room teniporatrire (14'* 0.) 
growth is rather poor. 

Agan — Colonies on agar plate are circular mth regular outline, moist and of 
a greyish eolonr. Thegrowtli on agar slant is foirl}?^ heavy after eighteen hours 
at 37° C.^ moist and greyish and easily removable l->y platinum loop. (Plate XV, 
Fig.l.) 

Gelatin . — In stab eultures the growTh occurs on the surface and along the 
stab. There is no liquefaction. 

.Sfoi^/o— Broth is rendered uniformly turbid. In twenty-four hours eidture 
grown at 37° (1, sediinentetion and light grey pellicle formation are seen. 

Litmus m Ulc — Acid is ]iroduc‘ed during the first twmnty -four hours. No 
clotting oecnrs. 

Peptone. mluikni.~-~-Jwio\ is not prodiiced . Twenty-foiir to seventy-two 
hours cultures gi’own at 37° C. were tested for the presence of indol hy the addi- 
tion of Ehrlich’s reagent. 

xVffrrde This is reclnced after eighteen hours growth at 37“ 0. 

A Cf.lyl-m eihyl-rn) hinol .— K cl formed . 

PhS . — The cidtrire is submdtivated on liver infusion hroth agar wdth a strip 
of filter-paper, impregnated with lead a<arttite 10 percent solution, at tiie inonth 
of the tube. The production of H.^tS is marked after twenty -four hours inc uba- 
tion at 37° C., as evidenced ])y the hlaekening of the lead acetate paper, 
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Resistance 

As has teen reported by various workers, members of the Salmonella group 
are not very resistant to beat. Four 24-hour8 old cultures from different pigeons 
were emulsified in normal saline solution, and the live baeterial emulsions thus 
prepared were suhiected to heat in a water-bath, maintained at 68° C. for 
thirty minutes. At intervals of ten minutes, the heated material was sown on 
plain agar slants and incubated for seventy-two hours. In all cases the cultures 
were dead after thirty minutes’ beating at 58° C, 

Table II 

JResults of Timting live-cultures at C. in water-bath 


Results of sowing beated cultures on agar slants 


Culture from pigeon i 
No. 

10 minutes 

1 

■| 

20 minutes 

30 minutes 

116 . . . . i 

Alive 

Sterile . . . i 

Sterile. 

124 . . . . 1 

1 

Sterile . 

1 

■ Do. 

Do. 

126 . . . . 

1 

Do. 

Do. . 

Do. 

127 ■■ . '■ . 

Alive 

1 ■: 

1 Ali\^e 

Do, 


r': 




V. 


Fermentable media 


As sugar fermentation tests afford a fairly accurate means of differentiating 
the various species of organisms under the Salmonella genus, a number of carbo- 
hydrates w^ere tested, Andrades’ indicator w^as incorporated in the media for the 
detection of acidity. The tubes were incubated at 37° C. for ninety-six hours 
and the final readings then recorded. In most cases acid and gas formation 
were demonstrated after twenty-four hours except in xylose wdiere fermentation 



occurred only after forty-eight hours. The four cultures of pigeon Salmonella 
as isolated from the heart-blood after death are detailed in Table III with the 
fermentation reactions. The usual symbols of “ A ” for acid and “ A. G,” for 
s^cid and gas are used, 




SALMONSttA MmmiTimS ISOlAtED rnOMPTCEOKS 


Table III 

Shmving fermentation feaciiom of Salmonella from, pigeons 


(jiilUues from pjg<H>a nurnber 


Narnt' of riK’diuni 


Dextrose, 


Not attacked. 


Lactosc 


Not attaefced, 


Hot attacked 


Mannite 


Xjdose 


Nat attacked 


Hot attacked, 


Inosite 


Dextrin 


Hot attacked 


Raffinose 


Maltose 


Levwlose 


Dulcite 


Arabirios© 


Rharnnose 


Sorbite 


Hot attaeked 


Hot. attackod, 


Salicin 


According to Bergey and other standard books on " Determinative Bacterio- 
logy the cultures from the four different pigeons are identical, and may be (dassi- 
ficd as H. erdmb'dosf. 

As the creation of a new species under a particular genus would add. con- 
fu.sion to the existing nomenclature, care was taken to type the species, under 
study, with already knoMUi members after a careful study of the cultural and 
biochemical characteristics of the organism- It seems reasonable to assume the 
pigeon strain to be one of H. fiTtferitidw Gaerfcner. 

Pathogenioity 

As stated in Table I, pigeon Ho. Ho was injected with the organism isolated 
from pigeon Ho. 124 and after death, the same organism was recovered* Pigeons 
were inoculated subcutaneously with the culture as well as with, organ emulsion 


125 

127 

A.'.G-. . , ; . 

A- G. y , 

Not fittackcd 

Hot attacked 

Hot attoeked 

Not attack.cd 

A. G. * . 

A. G. • , . 

A. G. . . 

A. G. ■ ' ' . 

Hot attacked 

Not attacked 

A. G. . 

A. G'. . 

Hot attacked 

Hot attacked . 

A.G. . . ■. 

A* G. 

, A>,G«, , 

AyG.v . 

;::A. G. 

A. G* . 

:A.dl.\". 

A. G* . . 

,A.'G.'.. '■ 

A.G. . 

■A. G. 

A.:g. ■■ . .V 

Hot .attacked , 

Hot attackod:^ 
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f Ae-A vmom. with fatal resalte, in many ca^es attended with a ri 

■ of aLi rarffco arowth twenty-four hours old, contaimng 
enmtaon of agar ™ ^ pathogemoity 

“ rf inSly after a week. A rabbit, when intravenously in] 
hours, and marked fever and diarrhoea were seen. 


bATq^? 2S 29 50 


Chabt No 1 . 

w „f PkeoB Ko. W6 injected with uvconlium of Solmonelia Mated fro 

ToKiperature chert of Pigeon JNO. ia j^o, 115, 



SAhUONBhM BNfSlUTmiS ISOUTED FROM FIGEONS 








Table IV 


. liTo. 
of 

pigeon 

inocnla- 

Date of inoculation 

Material inoculated 

Eoute 

of 

injection 

Result 

■' 

Remarks 

113 

30th October, 1936 

Organ eimilsion from 
pigeon No. 124. 

Subeut. 

Died on 13th Novem- 
ber, 1936. 

Salmonella recovered. 

114 

Do. . 

Do. . 

Do. 

Survived. 

— 

115 

3l8t October, 1936 , 

Culture from pigeon 
No. 124 (Sal- 
monelia). 

Do. 

Died on 8th Novem- 
ber, 1930, 

Salmonella recovered. 

116 

Do. . 

Do. . 1 

Do, 

Died on 13th Novem- 
ber, 1936. 

Do, 

145 

27ih 'November, 1036 i 

Cul'^nre from pigeon 

Do. 

Died on 8rd December, 
1936. 

Do. 

146 

Do. . 

Do. . 

Do. 

Died on let December, 
1936. 

Do, 

147 

Do. . 

Culture from pigeon 
No. 124 (Sal- 
monella). 

Do. 

Died on 2nd December, 
1936. 

Do. 

148 

Do. 

Do. 

Do. 

Died on 5th December, 
1936. 

Do, 

149 

Do. 

Culture from pigeon 
No. 125 (Sal- 
monella), 

Do. 

Died on 4th December, 
1936. 

Do. 

150 I 

Do. 

Do, 

Do. 

Died on 15th Decem- 
ber, 1936. 

Do. 

151 

Do. 

Culture from pigeon j 
No. 127. 1 

Do, 

Survived. 

“ 

152 

■ Do, 

Do. 

Do, 

Died on 5th December, 
1936. 

Salmonella recovered. 


Rabbits were imnmnised for the production of anti-sera. Immune sera for 
two strains of Salmonella, S. pullomm, S. gaUimrum, S. enteritidis Gaertner 
{S. 44) &nd S. enteritidis var. Dublin (S. 97) from specific enteritis in calves 
(Table I), were available for studying the serological reactions by agglutination 
tests. 

While conducting agglutination tests, care was taken to eliminate spontaneous 
clumping of the antigen by the proper standardisation of the antigen and the 
employment of antigen 'plus sah'ne control tubes. In all tests there was no difii- 
culty in securing a stable antigen. The results were read after incubEution at 
37'’C. for twenty -four hours. At first the homologous titres of the anti-sera were 
determined. Later, cross tests were made to study the immunological identity. 
When intesrpfeting the results of agglutination reaction the degree of antigen 
antibody union was noted and recorded by the use of symbols, G, P, and T which 










ENTEmrimfi! imhAmD mm miMms 

represent complete, partial anti trace agglntlnation respoctiv-ely'. The homolog- 
ous titres of the Bampies of immune sera^ when submitted to test, are gi¥en in 
Table, ¥.■, ' ' ' 


Tablk V 

Hmnohfpus ctgghUmin titres of immune sera 


i-aomm 


Antigen 

coiitioi 


Agglutinin titre after 
Snwiltatlon for 24 hours 
at 


Pigeon No. 115 Sahnonella . 

Do. do. 

Pigeon No. 127 Sahnonolla . 

Do, do. 

S, 44, SnlmmUa enteriii- 
dU (latirtner. 

H. 1)7. S. RHinrithlii var. 
Dublin. Calf enteiitia. 

S. 53, S. imllarum , . 

S. 52. S.uaUinnrum 


Hoinologoua . 
Pigeon No. 127 
Homologous . 
Pigeon No. 115 
Homologous . 

Do, 

Do. . 

Do. 


Cross agglutination tests 

Pigeon Salmomlla Antigm vs. mthmiie straim of Sahmmlh anti-sera 


PreKone reaction. 


Agglutination tests conducted on four different pigeon Salmonella antigens, I 

whose fcrnientatioii reactions wote sirailar, with two samp^ of auti-scra for I 

S. enkritidis (S. 44 and S, 97), B. gnllhmrmn mvl S. puUorim^ are shown in Tjiblc AT., ^ 

It indicates that there is some I elationship with S, 97 (calf enteritiR) and that 
the jioor agglutinin titres witii S. 44, /S', pulloruni and S. gallmarmn imtnune sera^ : 

are due to the presence, in the sera, of group agglutinins. 
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Table VI 

Pigeon Salmonella aniigem vs. aniUem for different 


Affglntination titre after 
incubation for 24 hours 
at 37°C. 


Antigen 

control 


Antigen Salmonella 
from 


Particulars of anti-senim 


Dilutions of serum 


Pigeon No, 115 


S'. fiHieritiflis var. Dublin 
Calf. 


S. 44, S. eMcriMis Gaertner 


•V. iniUnrum from Rablat No, 16; 


Do. uo- 

B gitlUmrum from Rabbit 
No. 160- 


pigeon Sitimonelliit Tdcrps no relation- 
i, the two pathogenic species incriminated 
b has heon ruled out by the biochemical 


Vrom the above table, it is seen 
ship to 8. jivllorum and 8. galUnarur 
in fowl epidemics, a possibility whic 
tests. 


Two samples of anti-sera for b. 44 an 
the Salmonella antigen from pigeon No 
method. Into two c?entrifuge tubes of If 
of tbe respective serum was made and th 
of twenty-four hours old agar surface grot 
The a-ntigen-antibody mixture was then 
water-bath for four hours after which the 
for twenty minutes to sediment the had 
separated and further agglutination tef 
sera against their homologous antigens i 
of absorption on the original homolo^ons 




SMMONEIM ENTBElTimS ISOLATED PROM PIGEONS 


As recorded in Table VII, S. 97 anti-serum, when absorbed Iiy pigeon No. 115 
Salmonella, lost a considerable amount of its agglutinating anti-bcxly for the specific 
antigen and this suggests some similarity between the agglutinogen fraetion of 
the two. The tltre was unaffected in the ca.se of absorption of B. 44, 


A gghiimm nhsor’plioTi tests 


Anti-senim. for S. enteritidw 
Gaertner. S. 44, absorbed 
by jiigeon No. 115, Sal- 
monella organism. 


Pigeon No. 115 
Balmonella. 


Specific 


Original liomologous 
titre witb unabsoibed 
sermu 1/1(J,000. 


Anti-serum for S. cMeritidis 
var, Dublin (calf enteriti.s) 
S. 07, absorbed Iry pig«M>n 
No. 115, Salmonella oi'ga- 
nism. 


Pigeon No. 11 
Salmonella. 


Specific 


0 riginal hora(.d ogons 

tib'c nh]» una}j,st.a‘bed 
sonim 1/10,000. 


CnOSiS AGGLUTTNATI05T mST 

Pigeon Balmonellu anti-semm vs. various autJienik types of SahmuwUa antigens 

Having determined the agglutinin titre of pigeon No, 115 organism uuti- 
serum against the specilic antigen, 1/5, 090 the same serum v'as tested against 
a number of authentic strains of the Salmohella group, stocked at this Institute 
for comparative study and from the titres so obtained, Table VIII indicatos that 
S. 03 and B. 65 cultures are highly suggestive of the serological relationship with 
the Salmonella from the pigeons referred to in this paper. S. 03 and S. (>5 were 
locally isolated strains of Ah eiitenWdts ftoin animal soiirees. 





Agglutinin 
titre after 


' ' ' 


Antigen used 

incubation 



Particulars of serum 

for absorp- 

for 

Remarks 



tion 



24 Jiours 
at 

37" 0. 
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Table VIII 

Cross (wglmimm of pigmn, No. 115. SaMmfla osS^sexm mums 

types of anitheiitic SatmonellOi ontigens 


Agglutinin tltro after incubation for 24 hours at STO. 


Antigen 

control 


Antigen 


Dilutions of the serum 


Type of organism 


S. emritidis QMvtner 

S, e'nterUidig var. Dublin 

ParaeolienkrUidu 

S. enterUidia from the Patliolc 
Department of this Institute, 

S, efiietUidia, abortion inatei 
from brood mare, 

S. var. Danzig 

S. ententMis var. Dublin 

S. enteritidis var. Rostock (Ka 
jiuinn). 

S. enterUidis var. Moscow . 

S. enterUidia Limerick 
S, anaium . 

Si galUmrutn . 

S, puUorun . • 


1/10 1 

1/50 

1/100 

1/.500 j/1,000 

T 



... 

F 


... 

... 

G 

P 



C 

C' 

c 

0 C 

c 

c 

c 

c C 

a 

T 

... 

... 

p 

T 

... 

... 


••• 

... 

... 

. 0 

T 

... 

••• 

0 

0 

G 

p 

. 0 

P 

T 

... 

. P 

... 
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(With Plato XVI) 


ON A PIROPLASM OF THE INDIAN CAT 
{FELIS VOUEBTICVS)* 


Assistant Pathologist, Imperial Veterifumf Research Institute, Muhtmwar 


On the 17th March 1936, the carcase of one of a number of cats obtained from 
Bareilly (U. P.) for experimental work at the Imperial Veterinary Research In- 
stitute, w^as received for autopsy in the post-mortem room. The animal was in a 
poor condition; otherwise it showed no external signs of disease. Apart from a 
general somewhat anaemic condition, the internal organs showed little of interest 
superficially. Slight congestion of the kidneys, however, wms noticed. The bowels, 
too, showed hyperaemic jiatches. No evidence of icterus or haemoglobinuria was 
seen at autopsy. From the helminthological point of view, the carcase was full of 
interest as it harboured the followhig different parasites in varying numbers : — 

Lungs — Paragmimus westermanni. 

Liver — Opisthorchis felineus. 

Stomach — Chkmydonema praeputiah. 

Boweh-~EcMnochasmus 2)erfoliatu3. 

Mesocesioides linmtus. 

Riciularia cahirensis. 

Taenia taemiaefornds. 

Toxocara mystax. 

No ectoparasiteB wmre found. 


In view of the rich parasitic fauna, the author expected that examination of 
blood W'ould reveal some protozoan parasites or micro-filariae, and hence several 
smears from the peripheral blood ■were j>repared and a sampfie of heart-blood 
collected. The smears were stained hy Leishman’s method and microscopically 
examined. A careful search for micro- filariae proved negative, but the effort was 
rewarded by the detection of non-pigmeiited protozoan parasites in the red blood, 
corpuscles- Judging from the small number of erythrocytes which showed the 
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parasites, the mfection was by no means of a severe degree ; so that many fields had 
to be examined before it was conclusively ascertained that the parasite was a piro- 
plasm. The accompanying diagram (Plate X VI) drawn with the aid of the camera 
lucida shows a representative group of infected red blood corpuscles collected 
from different fields. 

The individual parasite was small, being on an average 1*5 p, the actual 
size varying from less than one p to 2 * 50 p . Morphologically it resembled to some 
extent the one described by Davis [1929] as Babesia felis {mm. the Sudanese wild 
cah (Felis ocreaf a). Small and large, rounded or ovoid forms, sometimes 
vacuolated (ring-forms), were common, one or more (up to four) being present in 
one red blood corpuscle. Amoeboid and dividing forms (Plate XVI, a) were 
very rare. Xot infrequently typical pear-shaped parasites were seen. These were 
either single or, as was more often the case, in pairs ; sometimes the pair was 
markedly divergent as in Babesia hovis ; rarely three or four parasites w^ere seen 
in one red blood corpuscle. In no instance, however, a cruciform arrangement 
suggestive of division into four, as seen by Davis and by Wenyon and Hamerton 
[1930] Was noticed. The chromatin had no fixed place in the parasite but was 
inclined to be peripherally situated in the rounded forms and towards the blunt 
end in the pear-forms. Anaemic changes were observed in the blood smears. 

Realising that the material was not fresh, blood smears were made from time 
to time from the other living and apparently healthy cats, and a careful search was 
made for piroplasms in their blood smears and for ectoparasites on their bodies. 
The result was negative m every ease. But the presence of intracorpuscular 
bodies resembling Anaplasma marginak -wm detected in the blood smears of all* 
the eats. The finding of these bodies is in conformity with that of Davis [1929] 
who doubts if they “ bear any relation to the piroplasm ” and adds “ whether thejr 
are actual parasites or merely Jolly bodies it is difficult to determine 



Lingard and Jennings in 1904 mentioned the occurrence of piroplasms in 
various species of animals including lizards, fowfs, cats, camels and elephants. 
They even went to the extent of recording this parasite from a man. These obser- 
vations have not been confirmed and for certain reasons their article is ojien to 
much criticism. Prom their coloured plates and descrijition of some of the para- 
sites it seems highly probable that the authors were, in some cases, dealing with 
what were really not piroplasms ; indeed, in the human case the ijara sites appear 
to be Plasmodium vivace. Unfortunately their “ preliminary note ” was never 
modified, as they had proposed to do. No description or illustration of their 
feline piroplasm is available and there appears, therefore, enough justification to 
believe with Davis [1929] that until the latter’s paper appeared in 1929 no piro- 
plasm had ■' been found in any member of the Felidae ”, 




OK A PIBOPLASM OF THB INDIAN CAT 2^5 

111 1930, Wenyon anti Hanierton described from the Bay Lynx (J’eKa m/a) 
a piroplasm which “ resembles closely ” BaheMa felis of Davis, Subsequently 
Carpano [1934] recorded a new piroplasm from the Puma (Felfs cowcor) resembling 
B, gibsoni, and asserted that it too was transmitted from the local felines (presum- 
ably including I\ dimisUcus md F, ocreaki), which were carriers, by the tick 
MMpicephalus simis. He proposed the name for his parasite and 

would have the parasite of Davis called NuiiaUia felis, perhaps because it produces 
cross-forms. But Weny on points out : “ tlw* difference in size and in the number 
of daughter individuals produced are not siiffieient grounds for the recognition of a 
new genus ”, It is evident, however, that Carpano was dealing with a parasite 
entirely different from the one described by the autlior and by Wenyon and 
Hamerton, 

There appears to have been no furtlier publication on feline piroplasms. In 
the present case, as already pointed out, a material difference from B. felts of Davis 
is shown by the absence of cross-forms, division being into two daughter parasites. 
The occurrence of cross-forms is corroborated by Wenyon and Hamerton in their 
description of the parasite from F. mfa. They leave little doubt as to the mode 
of division of the parasite into four daughter individuals, 'which is similar to that 
in B. equi. They admit, however, that even in their heavily infected case “ the 
cross-form are few in number, but smaller forms showing division into two daughter 
individuals were fairly frequently seen”. From this it appears that in the Bay 
lynx the parasite divides usually into two, the cross-shaped arrangement resulting 
from a departure from this normal mode of division. 

Since in the Indian eat no evidence of division into four, or the presence of 
cross-forms, was encountered, the rare occurrence of four parasites in one eryth- 
rocyte may have arisen much as it sometimes docs in Babesia bigewimwi or 
B.canis. Indeed, the author has seen, although not commonly, infected rod blood 
cells (Plate XVI, b) showing conpled pear-shaped parasites one or both of 
which are snggestive of stages jaeparatory to further division. 

From the description and illustrations of J5, /eha of Davis and from the suggCvSt- 
ed resemblance of the piroplasm of Carpano wdth gi7;.so«i, it would apjear 
that the two parasites are similar but entirely diiferent from those described from 
F. rufa by Wenyon and Hamerton, and from the Indian cat in this paper. It is, 
however, not clear why, in spite of the evidence of division, “ fairly frequently ”, 
of the parasite from F. rvfa into double forms, Wenyon and Hamerton have found 
it {?on) parable to B. felis [Davis, 1929] wherein no such forms have been described 
or illustrated. The division into four as deserihed by Wenyon and Hamerton 
was entirely wanting in the Xndiaii cat, ami therefore, the author believes his 
parasite to be different from those hitherto described but refrains, in the absence cf 
suitable material to carry out further studies by inoculation work, from referring 
it to a ne-w species, 

Ml.. 
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DETERMINATION OE FAT;^ IN B10IX)GKD\1. iMATERIAL 

n,~THE ALKALI 11 YDROJAsSfS 


BY ' . ■ 

W A. SKSll-AK, B.A. 

Aviyttfil Nuiriiion )Si'Ctk>n, hnpfrinl VtU'rivni'ji JteHrarch LiAiUiip, .fzatnayar 
( for |■all)licatio^l Kit h Ifelti'UHry, 1937) 

The alkali-hydrolysis inothod oriyitialiy dovoloiu'd by liohormami 
f Liolimiiann and Szokoloy. iSbS] finds very ooinnion adoption, in flio bH-hnitjuc of 
fat-dot orn) inn. tion i}i ))io]f)yi(‘id nnitoria.l. Othor niodilications of iJtis nietliod 
such as that of Kuniap;ao tuid. Suto [iOlKSj, ha. vo for their fdjjc('t only a thorough 
breaking down of the tissues io enable the oi lier or otlnT exi rad iug solvent to 
have a ready ticcess to tlie fat niolecnlos (tf the substance. It sljoiild also be 
added tliat this niothod i.s conshh^red ])articularJy useful wlion it is specially desired 
to avoid the changes tn losses in fat tliat generally occMir on drying the inateriai. 

Buring recent years tliere seems to be a cemparative pancity of rej)orted work 
on the testing of fat-determinaticn inetliods. hi the first paper of this serie.s 
[Seshan, 1035] only a few roforenees regarding the use of alkali liydrolysis method 
were cited. Offering as they do an adverse coininont on the use of this method, at 
least so far as mr// straw and bullock faeces i’,re ooncorner.!, the findings reported 
in that paper [8e'shan, 1035] make it necessary to examine in greater detail some 
more instance.s in fKiint. 

Sperry fl02{»'27] working on lijiid excrotion tested Iiis confrei tliots for their 
frotidom from ]i])ids by this alkali-hydrolysis mid.lmd, tlie faeita.! lipids also lieing 
estimated by the same prot‘oss. In brief, the nndhod (.-onsisl ed in dig<istang 10 
grins, of material for twent,y-f<tur liouns wit h alkali over a boiling water liath, acidi- 
fying the digest with snlphnrie acid, extracting witli ether and taking np the 
resulting extract in jietrohmm ether for a suhseijuenl drying to constant weight. 
It should also ho noted that for a compJoto remoiad of tlie volatile fatty acids in the 
acidifiled digest, tins was distilled to dryness under reduced jire.ssiire over a steam 
bath. In a similar experiment on the sterol metaliolisni of rats, Eckstein and 
Treadwell [1935] have, as a prcljmiim.ry to the digitoiiin precipitation, separated 
the total lipids from the control diet a.s well as from the re.sulting tissues and faecal 
matter by digesting them with boiling 7-5 per cent alcoholic KaOH for two 
hour.s. Tidwell and Holt [1 930 j observe ihatanumb(n of methods are available 
for the e.stimation of total lipids in faeces which depend on a primary saponi- 


Ill 
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fioation of the material. Reference may also he made to the recent work of 
Horwitt, Cowgill and Mendel [1036] on a method of determination of the fat- 
content of spinach leave-s. They attribute their failure to obtain results by directly 
saponifying vegetable tissues to a probable resistance oifered by the cellulose 
structures of the plant. 

It is apparent from the brief review given above that none of these workers 
considered the possibility of formation of a fresh quantity of fatty acids in the 
alkali digest of the material. Sufficient evidence has, however, been adduced in 
the previous paper to indicate such formation, under the conditions obtaining in 
the usual digestion with hot alkali, of samples of ragi straw and faeces. As this 
technique of fat-determination is of common use, it has been considered desirable 
to carry out further investigations to test its reliability and the results obtained 
are given in this paper. 

Experimental 

Repetitions of the alkali hydrolysis with ragi straw and faeces having yielded 
confirmatory results, a study of its effect on pure carbohydrates was undertaken. 
The experiments reported here were all conducted on pure specimens of cotton- 
wool , filter-paper, starch and dextrin as representing some types. It was thought 
advisable at the outset to determine the other-extract content of these substances. 
Weighed qua,nlities of the four samples in paper thimbles were subjected to a 
continuous extraction for eighteen hours in Soxhlet tubes. To test the completion 
of the extraction it was continued for another tliirty-six hours. The results ob- 
tained wore as follows : — 

Table 1 

Control experiments with pure carbohydrates 



■>,-? t' ■■ 





Percentage extraction 


Solvent 

Period 

Cotton-wool 

Filter- 

paper 

Starch 

Dextrin 


Hrs. 





Petroleum etluT B. P, 






50“-fiO"C. 

. 18 

0-026 

0*026 

Nil 

0-050 

Ditto 

54 

0-0.50 

Nil 

0*050 

0-076 

Ethvl-other 

18 

0*222 

0*335 

0*119 

0-189 

Ditto 

54 

0-192 

0*286 

0-340 

0-189 




The actual weights used for the extraction were about 2 gmis. and the results 
were then calonlated to a 100 grms. basis. So an error of one milligram in weigh- 
jneht would make a difference of 0*05 per cent, Although tho extracts obtained 














’witk petroleum other show that the materials used were practically free r'rom fat, 
the ©xtraetioii with ethyl-ether yielderl slightly different It is, 

however, siifficieiitly satisfaetory for the purpose of this axporiment to find that a 
continuation of tho extraction over three times the period did not yield further 
quantities of extract.; 

;Having thus determined the limits of the possible errors that might result 
from the impurity already present in the pure substances, tlioy were subjected to 
the usual alkali hydrolysis treatnient. Tlje modified technhpie described in the 
first communication [Seshan, 1935] was followed. The method in brief was as 
follows :~— 

The substance, weighed out into a conical flask/was hydrolysed in aqueous 
20 per cent alkali for twenty-four hours over a water-batlv. Tbe alkaline digest 
was then transferred to a distillation flask and rendere<l decidedly acid to litmus 
with sulphuric acid. Tho volatile aekh’,, thus liberated, were steam -distilled and 
titrated against standard alkali. The mother liquid was rendered alkaline and 
. retransferred to a porcelain evaporating basin. When the material was nearly 
d,ry, it was acidified with dilute hydrochloric acid and dried thoroughly oi’er a W'ater. 
bath, being powdered at the same time. The powdered material was then ex- 
tracted in a Soxhlet. It migiit he mentioned here that the es.sential condition of 
this treatment with alkali, wdiich alone matteis for the purpose of this particular 
investigatUm, remains the same in this method as in those of others. 

In this connection it is of interest to note that, in carrying out a volaffie acid 
distillation, the condensation delivery- tube should dip well inside the receiving 
liquid, either water or standard alkali. By collecting tlie distillates iu aij open 
beaker in droplets, 500 c.c. of distillate gave varying titrations, wfi:h phenoi- 
phthalein as indicator, ranging from 0*5 to 3' 0 c.c, N/10 alkali. TJiis fact was 
repeatedly verified in distillations with pure solutions and bjdrcdy.sate.s a.y well, as 
will be seen from the data given in Table II. 

Table II 

Acidity given, by 500 c.c. of distiUiue 


Humber of test 

Blank mother -liquor w’ith no 
carbohydrate in it 

Blank nioflier liquor with un- 
liyiU’oly.'^ed })ure carboliyd rates 


e.e. H/lO 

c.c, N/10 
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In eyery such case, the titration against alkali was quantitatiyely titrated 
hack with rtandard acid. Apparently the variation was due to the carhon 
dioxide ahscirbed by the distillate. h 

After the first hydrolysis and ether extraetioii the residual substances were 
subletted to an identical treatment a second time, as was previously done m the 
case of nuri straw and faeces (ioc. cii). This resulted m a fresh yield of volati.o 
atrtorvolatilo extractives. The results obtained in tbe two treatments are 

prosoiited ill, Table III* 


Table III 

Aciion of alhali on ‘pure mrlwhyilrotm 

Volatile acids and ether extractives expressed as per cent 


No. of test Natiire of test 


Cotton- Filter- 

Analysis Wool paper Starch Dextrin 


First hydro- Steam distil- Volatile acids 
lysis* liiftioii* 

^ Soxhlot ex- Non-volatile 

traction. acids. 

Second hydro- Stemn distil- Volatile acids 

lysis. lation. 

Soxhlet ex- Non-volatile 

traction. acids. 


l,-78 2-07 2-12 3*37 


4*2(5 0*(54: 2*24 


1-69 2-33 0*48 0* 72 


6*88 21*36 5’97 10*35 


■ f 


, fifty acids is not due to the small amounts 

Evidently the i^yilationB were carried out and it wiw 

ofimpunticaori^teaUypteacnt.Jonteo.i^^^^^^^^ 

vi; le a“eidTwhle the « 

b,vdi*toS(.th6in®el.v-os.. 








W. 








DETfirariXATJON OF FATS IN niOEOOK'Af, MATKIUAL 


It is of interest Iiere to note tJui (.lompoHitiou of tho noii-volatilo ethor ex- 
tractives which were formed hy tlie at^tion of alkali on these car}»ohydratos. In 
Table IV tho anaJytica! data arc gi^'ou : — 


^rABEE IV 


Nature of the uon-volalllc elh'r extractires expreswd as perce-nimjes 



Analysis 


Cotton Filter- 
wool paper 



First hydrolysis . . Non-volatile ether extract . 3* 07 


Acidity of above equiAOilent 

to c.c. N/10 alkali . 87-0 


Insol uble fatty acids . 


Io«iine val^^o of above acids 31 • 5 


Second hydrolysis Non-volatile ether extract 


Acidity of above equivalent 
to c.c. N/10 alkali 



Insoluble acids 


,2* 65 ■■.3>'42'd'^/.I-'l8d' '■■■■■' I*'42: 


Iodine value of above acids j 1 1* 4 


It was observe^i- that ■' the non-volatilcy extract 'was acirllo in nature and that 
only a small fraction of it was insoltihlo h) water,. There was also a certain amount 
of ‘unsaturated acid in the extract as shown by the iodine values recorded above. 


DiscTTSSTOFr 


Tho main object of this investigation is to draw attention i.o the destructive 
nature of alkali hydrolysis on materials, which are largely carbohydrate in com- 
position. The results recorded in the previous paper on the subject Qoc cit) having 
shown the inadequacy of the method for fat -determination m cattle-fodder and 
faeces, it is of importance to know that the action of alkali has been proved to be 
exactly similar on pure carljohydrates. No attempt has been made here to find 
out whether all the substances that resulted from the hydrolysis were fatty C5om- 
pounds. But it has been shown that when substances are subjected to the treat- 
ment with alkali, which is an essential feature of tho Liehermann process, volatile 
and non-volatile compounds are formed which can bo separated by steam-dis- 
tillation and are soluble in ether. It has also been shown that the treatment yields 
significant amounts of fatty acids of mixed composition. 


^ : 
.V ''~5- ."i 




in 


I 



262 THB INDIAK JOUEHiL OF -VETEEINAEV SCIEKCE AND ANIMAL HDSBANDEV [YII, HI 


Uiis objeotion to the alkali hydrolysis method is, perhaps, a cirounis- 
tahce which should reasonably be anticipated from the elaborate researches of Nef 
ri907-141 on the action of alkalies on carbohydrates. In the monograph on Carbo- 
hydrates and GlucoSides, Armstrong [1924] states that when carbohydrates are 
kept with alkali hydroxides at S7°0., the optical rotation of the solution deoreases 
and the acidity increases. Inreviowii^ the work of Nef [1907-14], he further adds 
that any carhohydiate in weak alkaUne solution, in the iiresenoe of air or other 
oxidising agent, results in a mixture containing among several other compounds 
acids such as carbonic, formic, lactic, hydroxyhutyric, hydroxyvaleno and 
hydroxyliexoicj as also some resins. 

In conclusion, it may be stated that, where carbo-hydrate material is involved, 

the use of the Liebermaim process of alkali digestion for fat-determination may 

appreciably vitiate the results obtained. 


Summary 

Previous work by the same author on the alkali hydrolysis method, as applied 
to ragi straw and faeces, having indicated a formation of fresh quantities of fatty 
acids, similar experiments were undertaken with pure carbohydrates, such as 
cotton, cellulose, starch and dextrin. 

The results obtained were in complete accord with the findings previously 
recorded. 

It is, therefore, suggested that whenever carbohydrate material Is involved, 
the direct saponification of the tissue with alkali should be abandoned. 

The author gratefully thaaka Dr. F. J. Warth for his abiding interest in the 

work as also Dr. K. 0. Son, for his helpful encouragement. 
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ABSTRACTS 


Finding “Par” for dairy cows. 0. (Hoard's Dainfman, 81, 

No. 19, ,492) , , . 

CffAROES Stafi?, an animal nutrition authority, han prepared a sorits of standard 
production graphs for dairy eows as a result of fifteen years’ accuraie rerorfi keeping. 

BIxaet records were^ kept of hereditary ability to ]^rodiK!o milk, age, h anil (con- 
dition, supply of water, care and iBanagamsnt, eiivironiuent, wentlacr conditienss, cdiar- 
aeter and quantity of the ratitui, date of frosheniug, and. date of l)reeding for eitch oow. 

By noting changes in tliese factors it became possible to handle tin’se cows so as to 
obtain top production. 

In arriving at a standard basis or ‘par’, all abnormal recorris wi'rc clhninahnl. 
In all, seventeen peak productions ranging from 25 to 05 lbs. were classiiicd. The re- 
cords were further classified according to date of breeding wiiich governs thfi length of 
lactation period. 

From a knowledge of peak yields, entii'e lactation yield and days in milk, standani 
milk-produotion graphs wox*e made, for each set of data wlrioh proved true under prac- 
tical conditions. 

The amount of milk given at the peak of production is the guide (jv index for the 
group in which each cow belongs. The prodnetion curve of eow.s varies greatly' accoi’d- 
ing to their peak ; the higher the peak production tho faster the cow ilxchncs in milk 
flow an.d cows can IfC coinpartjd truly only by knowing their peak ju'oduction and then 
eonpxaring liHM'r p(‘rfoniuitiee on the identical days of their lactation, periods, '.rhe 
records further in<licat(^ that early breeding, loading to a 30D-day lactation [wriod, is 
g(me]ailly more profitabkmwer a nuxnber of yeai's. [G. E. M,] 


Notes on feeSing (mineral supply). Gimeles CEowTtmii. [J . Arjrlc, 
(EnglaEd) 43, No. If), 991) 

The author considers that tlie tendency to indiserimixi ate additions of minerals to 
rations has had detrimental effects in many instanees ; their proper use shoukl be based 
on a knowledge of the mineral requirements of animals and the mintwal content of 
fond -stuffs, A balance between the individual inineral olemonts in rations .should 
also bo considered. 

Any (‘onsid(xrab(e excess of bases over acids or rice yeraa in a ration is und(-‘sirabIo ; 
be-sidcB, inttwrelation between certain elements like Ca and F and Na. and K should 
also be t.aken into accomit, and in working thaso tha percentage figures for the various 
miiici'als must. Ixe corrected in pi'Oport ion to the respective chemical equivalents for the 
element concerned, 

( 2o3 ) 
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Regarding what is the correct balance (or ratio) to aim at, the best temporary ex- 
pedient to adopt is to take the mineral matter of milk as standard. In the light of snch 
a comparison the mineral supplements most commonly needed are lime and salt. 

High-yielding milch cows require 2 to oz, of finely-gi’Ound calcium carbonate per 
head per day, and growing cattle if they are not I'eceiving a fair amount of good, hay 
require I to If oz. of calcium carbonate. [C. E. M.] 


the specific gravity of milk. Paul, P. Sharp and Ray, G. Hart. {J. of Dairy 
Sci. 19,; fi83) ) 

The previous temperature history of the milk influences its specific gravity at 15°G. 
This effect is due to variations in the physical state of the fat. The magnitude of the 
effect increases with the fat-content. 

The determination of the specific gravity at S0°C., after previous warming to 46°C., 
for one-half minute is recommended as a method which will insure that the determina- 
tion is made while the fat is in the liquid state. 

The total solids are then worked out by the equation ; — 

Total Solids = 1*2637 Eat -|- 0’2680 Lactometer/Sp. Gr. of milk. 

Variation in drying technique may in some cases accountfor the lack of agreement 
between the total Solids as determined by drying and as calculated from specific 
gravity. 

Variations in lactose and citric acid and ratio of lerotein to ash coiitent do not 
effect appreciably the reliabilty of the calculations of the total solids from specific 
gravity and fat-content of mixed milks. [C. E. M.] 


The protein reftniiements of laetation. Samuel Morris, {Nutri Abstr. and 
i2ez?."6, 273-280) ' 

The present review is mainly eoncerned with the practical aspect of the protein 
requirements of the dairy cow, the sirhject being discussed under the following heads : 
maintenance requirement, production requirement, effect of intake on yield, effect of 
quality of dietary protein and the value of noir -protein nitrogen for lactation. 

With any mixed ration, such as i.s commonly fed in dietary pi’aetiee, 0 ‘ G lb. diges- 
tible crude protein or 0 • 6 lb. digestible true protein per 1 ,000 lbs, livo-weight is required 
for maintenance, the percentage utilisation of protein varying inversely with intake. 
With low intake the utilisation is high but unthriftinoss and malaise occur, wliiio with 
high intake the percentage utilisation is low, ivsnlting in an unnecessary economic w'aste. 
About 70 per cent is considered as the best utilisation that can be expected under 
average practical feeding conditions. 

If 1 ’ 2 to 1 • 3 times the protein in the milk be .supplied as digestible true protein, 
the maximum level wliioh will permit the highest possible millc yield will be achieved. 




■ Abstracts 

For the production of milk it is essentia! to .supply in. the food tho.se amino-anids 
pre,sent in tho milk ]>rotein which cannot ho synthosisecl in Ihe animal body. From the 
data given it is evident that certain foeHl-prnteins, rh., ])rotein.s in th<? form of sj>ring 
gi'a.ss, silage from suinmor grass, low tetn])eraluro <Iri('(l blood meal, and pea-rnoal ro- 
semble milk -protein in their <‘.oni<,'nt of arnino-ae.ids more closely than do linseed cake, 
decoriieated carthiuit eake, maize (jr oats. For truiximutn milk jiroduction O'u lb. 
digestible true protein iarctpiired per 10 Ib.s, milk, but with proteins of high bi'-dogicai 
value, whioh .supply all the 0 s.sontial arnino-aclds in the proper proportions for milk 
production, the amount does not exceed 0'44 lb. digestible crude protein per 10 lbs. of 
'•milk. 

It is xmeertain whether any part of the protein c^an bo roplacted by non-protein 
nitrogen. ,, TN. C. D. G.J ' ' . 


tons IsolatioE o! Brucella abortus feom the milk of cows with negatiyo 
Mooi reaetions to the agglutination tett. Doyle, T. .M. {J.Cohiji. Path. Tha\ 
49, 320-327) 

A LARUE number of samples of milk were tested from cows in Tlrucella-infcchid 
herds that faiJtjd to give an inrlieation of infection on their blood test. Blood and, 
eompo.site .samples of milk w^ere collected from all cows under oxaininatioii and sero- 
logical tests of the blood w(M'c catwied out in ord.er to pri'cludei the esaminal.ifiu of milk 
from positive ca.ses. Alilk from e;u,*h nnn-reacloj’ cow wis centrifuged and 2 c.o. of 
the cream, and the dcpo.siti inoenlatod intramuscularly in two gninea-])igs. The milk 
whey was tested for the I'nH'.sence of bru(,^eila agglutinins. Culturc.s were made, on 
lix'cT agar, from each .spleen of guinea-pig, s about tho forty-foimth flay after in<-)eula- 
tion and incubated fur ten dsu's luuler JO per cent at An agglulinatiou 

test of .scrum from each guinca-]ug vas earriefi out. Tlsc antigen eni}i!oy<Hl xcas made 
from a st vent y-txvo liour (.Id “ srmKjt.h. ” norj-thernio-agglntiiiable .strain of Pnicrlla 
abortus on. liver broth (ailturf^ and the density was adjn.st.ed by the addition of a forty- 
eight hoxir old xsaslaul ]iv(!r agai' growth. A water -ck'ar wliey xva.s p»-epare(.l liv (‘iott- 
ing centrifuged milk in tlui incubator to wtiich rennet was atidfal. I’he (•xami nation 
of 309 milk samph'.s carried out by guinca-jtig iiiocuiatiou reveah'd tla* presence of 
Brucella abortus in .sarnplc.s .from two c(,tw.s wljo.st^. blood ])roved lu'gative on a.jrgli!ti- 
nation test. In one case; milk h'om a ]K.>sitivc case was tcstf.'d fnau xvliich tliCJ organism 
was isolated. One sample of whey yieldcnl a titre of 1 ; lOtt, but in this case the milk 
pn’ovcd negative on guinea-jjiu te.sl. With a po.sitive )>Iood tliro of two test guinea- 
pigs tho cultural examination of their s])le('ns was negative. The author carriod 
out .serological te.sts of 084 coxxs during the course of tlii.s xvork and tho average herd 
infection xx'as found to bo a}>ont 35 per cc-nt. TIk^ pos.sibiiity of the infection of tho 
udder of emw's witli Ur. abortus .sliowing txegative or low litre is discussed, [J, A. I,] 

The breeding media of some common iies. Thomsen, Mathias and Hammer, 
Ole. {Bull Enl, Res., 27, .759-587) 

The observations recorded in ibis paper xvt;re carried out, in Denmark, tho twr. 
mailt species of flies conct.TUcd being tlie houso-fly Musca, ilomcMka and tho stable- 
fly Stomoxijs calcUrans. Under natural conditions, tho former u'a.s found to brood. 
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in fresh pl<^.dang, bedding of calf -boxes^ horse-boxes and pig- 
■niannre was of infovior importaiice in this respect. (These obser- 
of interest in view of the general belief that, M, f?omesi«'a prefers horse- 
other nidus.) As regards S. caMtrans, tlio larvae of this species were 
. horse-raanuro, pig-dxing and, cow-dung, but they bred 

the bedding of calf -boxes and to a smaller extent in humid i-emains of straw, 

' [. series of oviposition experiments to determine the 
-dung, hox’se-dung, calf -dung and cow-dung for gravid 

■sties and calf- 

oi 31. ddm,6Sticct, little difference was observed between pig-dung 
to attract ovipositing females, for both were highly 
much less favoured as a medium for 
eggs at all. As regards S. calcitrans, 
g-laying and only a small number of 
From the re, suits of these exporiraents 
the authors eoiichide , that “ calf-stalls in 
oxys V In discussing the possible ' reason ■ 
lire in ,maiwir6,-pits,'(while^,i ' experi-. , 
Ilia' material^ the'^autliOrs: 'point . dirt . thaip, 
roduced by fermentation in large heaps of inannro probably 
deterrent ettect on ovipositing flies. As lor the absence of larvae 

horse-boxes, the authors consider this as being due to the fact that 
as a rule, concentrate in cattle sheds, where they visually find suitably 
material for oviposition and are, therefore, not drawn to horso-mamire. [S. K. S.] 

Bifierciitial diagnosis in plant poisoning. Steyn, D. C. (J. S. Afr. Vet. 
Med. Assn. 7, 22(5-237) 

In view of the existing difficulty in arriving of, a definite diagnosis of })oisoning 
of which the author has had eonsidevahlo experience in South Africo,, an attempt 
has b"en made here to discuss sonic of the mineml and vegetable' poisonings iu uliich 
svnmJoms and po.t -mortem appearances, similar to those seen in infoctious and other 
iLoases apjicar. 'Tln^ author has dealt, in a regular sequence, with tlie various iliag- 
no'stic criteila as history of oiulu'eaks, synijitoms, ]jost-morlem appearances and 
hktologv of lesions. II has been ],ointtd out- that, a single toxic substance may i^ro- 
duce pevacuto, acute, subacute or chronic poisoning depending upon tlio amounts 
inf^ested and upon the conditions under uhieli }joisoniug has taken place, tints giving 
rise ’to lUiarkablo variations and even opiiosite efi'ccrs on the animal s.vstcm. That 
the symptoms and ])ost-roc>rLem appearances in hi'avy outhreaks of conical fluko m- 
^stationiir «hcep and triclio.drongyiosis in blackhead Forsiam may resemble to a re- 
deei’co those soon iu cases of poisoning by gastro-intestinal irritants is 


in order of p>referon,ec 
sties, whereas hov 
vations are 
manure to any 
of infrequent occurrence 
chiefly ini-- 
etc., in comers: of stables. 

The authors also carried out a 

relative attraetiveness of i-)ig-v , . 

flie,s, these materials being exposed in jars placed in the open air, pxg- 

boxes. In the case e- 

and horse-manure in their power 
attraf^tive. Gn tbe other hand, calf-dung was 
egg-laying, while cow-chmg did not coni a 
it preferred horse-manure and calf-dung 
eggs were laid in ^)ig-dung and cow-dux 
and also from thicr general ohservations 
practice have the greatest production of 
why iS', calcitrans rarely bred iu horse-i 
mental conditioxis they freely oviposhed in t) 
the high temperature pre.— _ 

exercises a u 

even in manure in 
stable-flies. 








ABSTRACTS 


of blooil and splem smeat’s. In outbreaks of infeetioiis! diseases, generallv only a few 
animate take ill at tlie same tirao, and more eases follow later on, ami fev'er is a. froqueat 
concomitant. Excepting eases of poisoning willi gastro-intestinal irritants, fever is 
not iisnally seen in poisoning. All eases of reported sudden deaths arc not actaally 
so. Isolated eases of sudden dealh ujay take place, pointing to anthrax or poisoning 
or a large number of animals may die svaldenly or witlu'n a sliort poriod, 

Outbrofiks may l)o (o) eharaeterised liy sud<len deatiis eontinning to occur in a 
herd or floclv for a prolonged j)eriod in Ibo course of •srhioh T«'i‘y few or no anirnals aro 
seen sick, or, {b) oul breaks of disease may set in with siul(f<a) deaths bid in wbieh 
syiiiptoms are oxhiiiiP'd later daring viiryiiig poriods before dentli. 'Under group (a) 
antlirax, poisoning niili Vanguerid pygniam (long period <.'f latency sudden deaths 
continuo for w'eeks in. .sjiito of gracing having haen chmiged re[-,-ejUf'diy), Dlchapetahim 
cj/nimum (already inentionod above), and witli hydr-ocyanic acid (mainly through 
eating wilted grasses) rcjceiva attentioir. A feiitnre of Vangtiaria }Joisoiiing'is tliat the 
liighesb mortality oeeiirs in pregnant animals, and in. tboso worked, while in chronic 
cases small greyish filiro tic areas are .seen in tlio lieart rmisclv*, or the heart walls may 
bo thin and fibrotic. 'HCN poisoning is associated with hovcil, and is di.‘jelosed by 
chonueal analysis of the ruminal contents. Sudden death-s may bo eauaed by many 
other poisons, and by diseases, like peraente ffwasielte, heart water, anapiasmosis, 
6te. Regarding grouj:» (&), where outbreaks start with sudden deatli.s and symptonxs 
develop m the later stages of their course, a large nmnliei* of diseases ai-o involved. 
■Without dealing with them separately, the author passes Oii to the pathognomonic 
symptoms <}f various iioisoning, including arse^nie, cotyledonosis (torti-collis), cro- 
talariasis (elongated hoofs), and pioisoning with EquispAum ramosissimuni, M<ilva 
parviflora, OUdgeria (Vomiting), Seirecio, strychnine, Tribulus (general icterus and 
photo-sensitisation), d/ogsoeoma /en?.d/offa (alopecia in kids and lambs). 

Toxic agents and <iiseasos with sirnilar sytnj>toins, arul (?xliil)iting similiir post- 
mortem apjica ranees arc then discussed aoparately and in detail and tliia discussion 
should he eonsulted, in original, wlien. required. Regarding symjhoms of phfito- 
sensitisation, it is .sti.i(;C(i that they inay oecmr in. many cases w'liere the efficiency of 
the liver is dt'crca.sed and whore the auimiils have access to feeds rich in chlorophyll, 
and that tlicse symptoms ean be artificially produced by ligating tlie bile duct and 
supplying feeds rich in ehlorophyil, [S. C, A. D.'j 
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CROSS-BRED AND GRADE DAIRY CATTLE IN INDIA 

, ■ BY , ' ■ . 

MAJOR 0. R. MACGUCKIN, M.B.E,, H.D.A, 

Assistant Director, Dainj Farms, NoriJtrrn Cirdc, Lahore, Oantomnent 

(RecoiveO for publicaiion ob 8th Septcmbor 1937) 

(With Plates XVII-XX) , 


CeOS^BBEBPINC! 

CKOFS-Bi:{]i;ii:Di.N(; lueaiis (lie eros.sii'tu: of (iifforent hroeds ; hut the term, as 
jiencTTdIy iLsed in. India, refers to tlio inalinu of a Jfuro|!eaii )>rcecl {Bos tam-us) 
with th.e in<li;/('itous cat lie {Bos rndicv.s) of the country. It. is in this restricted 
sense that tin teim is used .in lisis ailiele. 'T}ie.rerort\ the cross-bred la an animal 
with oO per ee-nt Enro]:ean and oO jier eiTit lnthVe.uons blood. 

Geai>i,n« 

(iradinp; nu'ans t.he use of pure-bred sires either Erfro{te<m or indigenous--" 
on erOHS-breu or grade females. 

Mating with tho liurop-ean sire is called yviaJhiii up” and with the indi- 
genous sirii " grading down 

Therefoie. tlu.? g.nule is an animal w’dl; mi>.'rn, 'Knro];eun and indigenoiiR hioodj 
bul nc-t exactly bO yser eoiit of cadi. .For j;im,'tieii,l pur]K:st h, if, may l•(^ asHUnied 
that , if an aniivial has not lees than H,l , M2 of i lie IJocd (.*f me breed it is a purt> bred. 

¥., R'i'c. 

The nse of cross-bred or grade sires is nridesiruhle. The reason for this 
w-arniBg is beeau.se tho e.rosK-bred, or grade animal, owing to its ancestry, cannot 
produce a uniform set of germ cells, and tin re. lore, cannot produce uniform progeny. 
Further, heterosis exiiiltited by the is not. y assed on to the offsprings. Altlinug'h 
new^ breeds have Irsen established by usin.g crews-bred or grade .sin-s, for example 
the Santa Gertrudis (S/Sths Zebu and 5/StIis Shorthorn), the establishment of 
anch breeds requires time, skill in breeding and management, ample resouree.s and 
eoyrage to make drastic selections. 

( 263 ) 
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Bangers op cross-breeding and grading 


Successful cross-breeding, and subsequent grading, in adverse environments, 
wlien the difference between tlie milk-transmitting abilities of tlie parents is 
marked, requires a knowledge of breeding, restraint and skill in cattle manage- 
ment.' " ■ 


The influence op climate on milk production 


The influence that climate has on milk production is a subject of great interest 
to the dairy farmer in India, but it is too big a subject to be discussed fully in this 
article. Briefly, one of the obstacles to the production of heavy yields in tropical 
and Bub-tropical climates is the heat, and the detrimental influence of heat is 
aggravated by increased humidity. The average annual moan atmospheric tem- 
perature and humidity are not sufficient data on which to judge the influence of 
these factors- The daily and seasonal deviations from these means are also 
important, because animals have great powers of recuperation if given a 
respite from the discomforts of unsuitable weather. Apart, from the actual atmos- 
pheric temperature and humidity, the comfort of an animal during hot weather 
depends on the conductivity of the skin, the typo of coat, tlie m.ilk-yield, and the 
management. The conductivity of the skin, or the efficiency with wiiich an animal 
can throw off the heat generated by its body, appears to bo a breved characteristic. 
As a rule, animals indigenous to hot eliraates have thi.s factor well developed. As 
would be expected, the heavier the coat, the greater the discomfort felt during the 
hot weather. Heavy coats are due mainly to heredity, but may be caused by a 
check in the growth curve duo to raisinanagement. The jiroductioii of milk gene- 
rates additional heat in the body in proportion to the yield. Generally, cross-bred 
and grade oow's are not so efficient in throwing off body-heat as the indigenous 
animals, yet, on the average, their milk-yields are tnueh higher. It is, therefore, 
not surprising that if such animals produce large quantities of milk during the hot 
weather, their constitutions, or the constitutions of tlalr ])rogony, deteriorate. 


Management can, to some extent, minimise the discomfort felt by milch 
cattle on aceount of the heat, but when animal shows signs of prolonged acute 
distress as indicated by a rise in temperature and rapid respiration, and receives 
insufficient relief during the night, then the only remedy is to decrease the strain, 
by reducing the milk-yield, or even drying off the animal. 


A small amount of data ooHeoted at the Military Dairy Farms, Multan and 
fflundur, brining out tho a,bove faetow, are given in Table I, 


ii!' 
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Table I 

^talfinrnt ukuiniuj the hijlvuicc. oj hrai on certain imlivMual animals at the Military 


Dairy Farnu 

^ at Multan mid J 

vlhindur. 

Temycraiwe iulxn on 27ih July, WS7. 

Name of niiiuial 





Typo of 

.Milii 

u*y Jhiiry 

Farm, Multan 


ctiat 

Huioiditv 70 

HiTod 

i Daily 

1 milk- 

M ■- ! 

I'otnpcra- ; 
iui’o of * 

Jlato of 
restiira- 

Atjnosphorio ' 
lornporaturo 

}*or ctjni 


yinbl 

aiiiinal 

tiou 

inshod-104'*F* 


1 ' ' 


Tiiae-3 p.m. 

Hollyhock 

ihrilaki 

■ 2() lbs. 

; 100- s 1 

Xornial 


FI ox, seed 

Oo.ss-hrcfl 

25 lbs. 

; 103-2. . 

Vor^'' fast 

Fine 

Alacrity 

! Cross- lij-od 

j 18 lbs. 

i 103-0 i 

ViU’y fast 

Jlcavy 

Acup 

7/S'(hs Cvado 

it ibs. 

d 103-2 / 

Very fast 

t'ery heavy 

Malluga,!. 

.bKligC'Uf 'U:-' C()\V 

1 8 lbs. 

■ 1.101 -2 i 

yoruml 

Fine 

Sumerui) 

(.'j'OhS-lu'f'd 

1 Di'v 

i 101-3 i 

Koj-iiinl 

June 

Adjtinclivo 

Bun'ido 

i th’y 

{ 100-4 : 

Xtu'raal 


Jirmne 

■ i.nfligf*i!ovP cov; 

i JJry 

' 101-8 i 

Normal 

Fine 






Atmospheric 

Htunidiiy 80 

' Milif 

ary Dairy Faun, Jullundur 

temperature 
in shed 02“F. 

{->(>!• oont 





Tiine-3 p.m. 


{ ‘.’ft>,s-hri-il 

i 40 i bs, , 

: 1 

102-8 i 

Fast 

Ileavv 

Slu'cr 

I'Udfalo 

1 2r>lh,s. 

JOl-B 1 

Kemuid 


Jrulor 

0,111,^^ ( iredo 

! 22 Ih,-^. 

102-8 ; 

Nortiail 

Fine 

Kma-xeeii 

indigi'.jtoiis vciW 

14 lbs. 

101 '0 1 

Kunnn) 

Fine 

Largos 

, .'IMtli-! (Vrado 

I Dry - 

i 101-6 1 

Normal 

Normal 

Mianwali 

‘ 1/4ih Cradn 

I Dry 

: 103-0 : 

Very fust 

Vk-uy heavy 

M’ischiof 

Bufi'al(! 

! Di-y 

i 100-2 

N orniul 

Jenny 

indigojKiH;' cin\ 

i Dry 

! 101 -G i 

■L i 

N<»rtiUil 

Normal 


Note. — Mnltan Imp n vf'ry hot dry pommfT ; at Jnlhindnr the maxiimim. lempera- 
turo is usually lou'cr but tlir-ff^ is grimier humidity. 

Table I will be found instrueth'C to breeders. 

The buffalo is obviously the unlinal least iiifiueneed liy atmospheric tempora- 
tuxe and bumidity. Hollvlitick at Multan gave twenty -si:?? pounds a day without 
discomfort, but Flexsced, a c-rosH-bred, giving practically tlxc same amount of milk 
in the same station , bus a temperature of 103 ' 2 and very fast respiration. Although 
the highest daily yield of an iiiuligfmous cow, in this table, is only fourteen poiiiuls, 
it has l)een noticanl that these animals are not, as a rule, distressed by heat, unless 
giving over twenty-five pounds of milk a day. It will be oltservod that except for 
Mianwali (l/ith grade) at Jullundur with an exceptionally heavy coat, all dry 
aninials irrespective of breed were qmte comfortabio. 
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Table I indicates that if the dairy fanner, on the plains of India, is cross- 
breeding and grading and has to produce the same quantity of milk throughout 
the year, then a mixed herd should be maintained. Services should be so control- 
led that the majority of the buffaloes and average indigenous cows calve just prior 
to the hot season ; and the majority of the crosa-breds, grades, and high yielding 
indigenous cows, just before the cold weather. 



Maximum limit of production 


The production of milk imposes a certain strain on the constitution of an 
animal, the greater the quantity of milk produced, the greater the strain, and this 
strain is further increased in proportion to the adversity of the environment. 


Although by cross-breeding and grading animals with improved milking cap- 
abilities may be bred, it is essential that these animals he given skilful management 
to relieve the strain on their constitution as much as possible. However, there are 
limits, both economical and practical, to the extent that skilful management may 
compensate for the additional strain of increased milk production. Therefore, 
in a given environment, there is a maximum limit of economic production for each 
animal which should not be exceeded. The more adverse the environment, the 
lower the maximum limits should be fixed. Without these limitations the dangers 
of cross-breeding and grading are increased in proportion to the difference between 
the ancestral environments of the sire and the dam . 


Milk-yields that may be anticipated by cross-breeding and grading 


Provided constitution is maintained, environment remains constant and one 
parent is a pure bred, it is possible to forecast the result of cross-breeding with 
reasonable accuracy. 


In cross-breeding and grading, it may be assumed tliat the sire and the dam 
have potential transmitting abilities equal to the average of their respective breeds. 
Eurthor, based on the genetic theory of intermediate, or blending inheritance, and 
the fact that breeds with maj-ked dissimilar milk-producing abilities are being 
mated, it may be assumed that the offspring will have milk-producing abilities 
approximately half-way between the two parental breeds. 

Working on the above hypothesis, the intermediate index for the cross-breds 
and different grades in Table II has been compiled. 
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Table IF 


C(mip(irm)ii of the intcrmrdinie inrUx ami the aeiual Ujclotuni yhM ofdijjernit brerds 


Act Uid J-;ii’ror 

lactation J 

yield J*cr cent 


Tnfflnnc 

indo:c 


Pure FrioAiana (European) 
7/8 tbs gi’ado 
3/4tiis grade 
r»/8t}is grade 
Cross-ljrod . 
l/4th grade . . 

1/Sth grade . 

Sabiwal (Indigenous) 


Note 1 . — The actual yiehls liavti been taken from Table III. Lactation yic-lda have 
not been corrected for days in milk bocauHO it is considered that, with a largo popula- 
tion, actual yields give a true indicaticiii of a bw^cd capabilities. 

Note 2.— -The intermediate index of the different breeds has been worked out by 
rounding off the- yields of the puro Friesian, and the Sahiwal to the lu^arost iiundrod and 
then assuming tliat the intormediato index of the other broods would be approximately 
half-way between the two parental kfeols. ; 

Examine L --'rho intermediate index of the 1/4ih grade whirl i is produced by 
crcK^sing a vSuhiwal bull on a cross-bred cow would bo ^ ^ 52Df>. 

ExAMPLfs 2.-” The hitermediate Index of the S/Htbs grade which is jiniducf'd by 

5)400 -1- f)200 

crossing a .li’riesian bull on a 1 /4th grade cow would bo '■ - - - " 73u0. 


A study of this table is mstructive. It will bo observed that in nu>st cases the 
theoretical intermodiato index agrees fairly closely with tlio actual yield. 

Tho larger errors are explainable. The cross-bred due to luderosis, or hyl.trid 
vig(jur, shoAVs tho biggest plus error. The strain on tho constitution of the cross- 
])r<Mlis reflected in itsgraded'Uj)]WOgcny, andtheS/Iths Inwo a miims error of is- 8 
]>er cent, 'Fhe gradod-Ai]> progeny of tho 3/4ths do not recover constitution and the 
actual yield of the 7/Sth still remains 18* 7 per cent below the lutorarsodiate index. 
By grading down from the cross-bred to the l/4th tho actual yitdd dropis I4t)0 lbs, 
but constitution is regained and tho lower actual yield is one per cej it above tiie 
intermodiato index. By grading iipfrom the l/4th with regained eenstitutiou. 
the actual yit^d of tho 5/8tha is only one per cent below tho iiiterinodiato index. 
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Tile reason why the l/8th did not do better is explained perhaps by the lack 
of ability, even amongst most strictly selected indigenous bulls (which are not 
genetically pure breds) of transmitting a uniform milk-producing ability. The 
population is, perhaps, insuffieiciit to di-guisc this lack of uniformity. 

It may be taken, as a rule, that to regain constitution the breeder should grade 
down, and to regain milk grade up. 

Ohooseng the seres 

European 8ires . — For economical and physiological reasons, it is the general 
practice to cross-breed and grade-up by means of European buUs. 

The problem of which breed of European bull to use is important. Once 
having decided on a breed it is advisable — unless the choice is absolutely wrong — ■ 
not to change. The fewer the divergent characteristics in a grade, the easier it is 
to arrive at accurate conclusions about the succes.s or failure of a particular breed- 
ing policy for a paidicular environment, and to make any alteration or modifica- 
tion that may bo necessary. 

The main object of oross-breedhig and grading in India is to improve on the 
milk-producing ability of the indigenous cows. As the milk of these animals has 
a comjjaratively high butter-fat conlcut, the possibility of reducing this charac- 
teristic is of minor immediate im]>ortance. Again to increase the yield, means 
increasing the strain on the eonstitiitioii, tbercifuro, the constitution of the progeny 
must be sound. Although calf-manageuiont plays no little part in the final (sonsti- 
tution of the adult animal, the average size aud robustness of the Eurojooan sire is 
also important. The length of tlio coat, the- (luality a.iid colour of the skin, are 
factors which inlluence the comfort of an animal during the hot season, especially 
if producing milk. Therefore, what is rc(]uired is a sire vitli a large frame, robust 
constitution, smooth coat, dark skin, preferably, and the aiuiity to transmit the 
capacity to produce largo yields to his ju’ogeiiy, a-s indicated by hisluced average. 

Booauso the European bull, again for oconomicail and physiological reasons, 
should be imported when young, prchirabl}- nine to oightecii months ; it will not 
be possible to obtain any index jis to his transmitting abilities, Kelianco will have 
to be placed on his breed, his pudigreo, the average worth of the herd from which 
he is purchased, and the ability and integrity of tlie bi’eeder. 

Although it is not economical, to pay a famsy price for a 3'oung European bull 
to be used for cross-breeding, or grading, it is also not advisaldo to purciiase a 
European bull merely on price. 

There is no one European breed best suited for cross-breeding and grading on 
ah the different indigenous breeds in. India, but probably the breed giving the most 
general satisfaction is the Friesian. 
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Good bulls of this brood with a pnibablo index of 9,000 to 10,000 pounds can ■ 
be purchased for Rs. 1 ,000 to Rs, 1 .000 landed in India, 

huli^nious sire . — Tbo indit'('nr>us sire .diouid ifc of iiie .saiiio breed as the origi- 
nal indigenous dam, and tlu^ best })rfieurabl(a If availaljle, the pedigree slwaikl 
bo traced back to the greal-grund ]iu rents to bo sure, id’ the purity of blood and that 
dairy qualities an; pre.sont in tlie aneeslry. ’^I’lio better the indigenous bull, the 
less the drop in in'dk-yiehte from gradin;/ down. If no rea..sonnh}y good purc-brod 
of the same breed as the indigenous dam i,s available, then it is lietter to introduce 
another indigenous br<N>d than to gradt^ down with an mierior sire. 

Choosiivo the okiginal dams 

Beeause tho milking cajialiilities of c.ross-bredH are approximately balf-W'ay 
1>etwcon the two parental levels, it is advisalsle to start olTwith dams of (he best 
milking strains available. Due to the imprjrtariee of constitution to a deop/ milker, 
and further a.s c?onstitution appears to Ix’' transmitted from the dam to its otfspring, 
tho dam 'must have a good constitution. Seldom will a ■weedy indigenous cow pro- 
duce a really successful cross-bred, and certainly not a cross-bred from ■which to 
grade up. If tlto local cows have poor constitutions, it would be advisabh . by iiTiproA'- 
©d management and breeding to produce constitutionally sound indigenous dams, 
before attempting to get highe,r yields by eross-breedi'Dg and grading. 

It is preferable that tbo indigenous dams shouhl Imlong to recognized dairy 
breeds and be typical speeimoiis of their hrecd, so .showing signs of reasonable 
purity. 

Actual ;r:esults o'Btai^ned m' c.Eoss.Bio;EmNG a'kd ctiadino by the MiLiTAiiy 

'OVIKIEH 'IN TTIE NCHiTHKH-N ClIiri.K 

The history of tho utiportation of foreign sir<)s ly the. Military h'arms Depart- 
ment, to cro.ss on ■(lie ■Indigenous couniry covs, dates back to about 1900. How- 
OAa^r, it is only witldn tlx.' past fifteen years that ini])ortations have betai made in 
sufficient numbers to infiiionee, Jippredably, tlie herds owikh] ]>y tins Dtvpartment, 
and only within the past decade ibid the question has been thoroiighly investigated 
and reliable statistics eolka-fed. 

It was realized that data to be reliable must be based on sufficient popnilation, 
and to obtain eomparablo data on a sufficient popfilation, tiie controllable environ- 
mental factors must be standardizxal at all farms. Tbfs hdlowing ■factors %vei‘o 
standardized : — 

(1) European breed to be im'portcd. 

(The Friesian was considered the most suitablo). 
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(2) Feeding of — 

(a) Young stock. 

(h) Dry stock. 

(c) ffiiking ^ 

(3) Number of milkings. 

(4) Dry periods, 

(6) Service periods. 

(6) Extra ration for climatic conditions. 

(7) Mineral feeding. 



WlMWBi 






Deaths and Castinus 

In comparing the economic value of different broods it is not siiffioient to study 
the milk- yields only, it is necessary also to have data on the number of castings 
and deaths. Because animals are cast when it is uneconomical to keep them in the 
' herd, every animal cast tends to increase the average efiiciency of those remaining. 
In conj unction with castings, deaths must be taken into account. Unless the longe- 
vity of an animal, nhdot the strain of producing extra milk, is maintained, the pro- 
■ 'duction of this extra milk rftay be imgbHpd peopomically. 


(8) Accommodation. _ 

There were certain factors such as cHmate, quality of fodder, water, etc. , which could 
not be made equal at all farms, but it was considered that by spreading the breeds 
over different farms tbe variations in the above factors would be smoothed out. 

The data given in Table III is based on all the lactation yields of the different 
breeds noted, for the past two years. 

Table III 

Statement showing the average Uctation yield of various breeds on Military Dairy 
Farms in the Northern Oircle drm off during the period 1st April, 193o to 31st 

March, 1937 

i Average Average 
Tjreed ' Population i lactation days in 

1 viold milk 


Pure Friesian 
7/8ths grade 
3/4ths grade 
6/8ths grade 
Crossbred 
I /4-th, grade _ . 
I /8th grade 
Pure Indigenous 



lbs. 


,11 

0,400-5 

239 - 1 

30 

7,076-7 

323-4 

290 ! 

6,493 - 7 

317-9 

86 1 

7,223-7 

325-5 

i572 ; 

6,881-7 

318-2 

225 ■ 

6,249-7 

318-5 

34 ' 

4,123-2 

296-7 

429 

3,798-1 

281-0 



'as' 


OROSS-BRKX) AND (atADli DAIflV (.'-A'rTLK JN INDIA 





If breeds with a population of less than 40 are 
be unreliable— it will be observed that there is a 
of deaths to population to increase with the increase 
er, because the lower grade and indigenous animals 
castings, the total casualties in the different broods 
Les can compete with the other breeds in their length ol 
.0 important economic factor. 

lo indigenous stock is heavy, and this lactoi combined 
reflects on the economic worth of those animals, ev<m 
belonging to the best milking strains available. 

■ is one of the most costly faults that a milking breed 
renous animals 18-4 per cent of the adults and 0-7 per 
arc cast for this defect. These percentages compare 


ITlGtrMS 

Eight figures in. Plates XVII-XX are photographs of 
the different pure-breeds, cross-brod and grades mcntiom 
gradual change in conformation, with the increase m 
seen. 







PLATE XVni 


Ind. Jour. Vety. Set. & Anim. Husb 


Fig. 1. SARGODHA DODY 
■bred. Best yield 13,180 lbs. in 350 days. 


A cro,ss- 


2. RAWALPINDI AKANDAN 
. grade. I3est yield 9,430 lbs. in 317 day 






AWALPINDI A1 
Best yield 10,20 







3?ig. 2. EAWALPINDl BERDRAGA 


Another Eriesian cow bred in India. Gave 1{3,188 lbs. milk in 211 days at the Military Dairy 
Farm, Sialkot. Dried off to prevent strain of milk production during the hot weatber. Shows plenty 
of constitution. 





ON THE TBEATMENT OF BABESIA BIGEMWA 

, TioNTN CATTLE IN India; 

BY 

J. A. IDNANI, G3.V.C. 

Imperial Veterinmy Research Imtiimte, .MuMmwar 
(Received for ptiblication on 6th Jtily 1937) 


’I.’he introduction of trypanblne in the field of therapy of red -water in cattle, 
due to Babesia bige.mina infection in cattle, was the result of pioneer work carried 
out by Niittall and Hadw-en [ IfiOO ]. Trypanblue has ever since been used almost 
universally as a reined}?- against this infection, tn India, cattle are known to be 
infected ubiquitously with various protozoan parasites wliich ordinarily ?’cside in a 
latent state in the tissues of the hosts and cause no manifest disturbance, ft is vlien 
the restrain on such parasites is relaxed by the onset of some febrile disea.ses 
such as rinderpest that they multiply at sucli a rate as to cause serious disease 
and frequently death in the affected animals [Edwards, 1927 ], Trypanblne, 
as would appear, is rarely called into use in clinical cases of piroplasraosis in cattle 
as a primary affection in this country, due to the fact that most of the aniiuais 
are ‘ carriers aud it, is usually in eases of resuscitation that treatment with 
drugs is resorted to. 

In this Institute when* a large amount- of work on rindeipest is carrit'd out, 
the control of Babesia Mgemina with (ryjinnhiuo ])rc':sented serious cdjstaele.s in 
recent yeans. The rinderpest bull virus, winch is always main la inod in the IriKti- 
tute in successive batelies in lull bulls, was found to be more often than not, eon- 
taminatod ivitli the red-water parasites rendering it unsafe for ivssue in tlic field. 
The mortality in such complicated eases occurred to the extent of bOn‘1 per cent 
in J933, 55*5 per cent in 1934 and 40*7 per cent in 193b, as compared to 
per cent, 10*8 per cent and 23*2 per cent during the same period respectively in 
nneomplieated ca.ses. Apart from this, in the tests carried out to evaluate the 
potency of anti-rinderpest serum that is manufactured at this Institute, ver}' 
misleading thermal reactions were set up due to the resuscitation of Babesia 
higcmiina. In such cases the usual dose of i to | grm, of tryj-)a,nblue was admini,s. 
tered intravenously in a 1 per cent solution per an approximate weight of KJO 
kg., but in a number of eases the parasites were found to be persisting, resulting 
in death in several eases. Due to a large number of such failures encountered 

( 273 \ 
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in the treatment of JB. Mgemina infection, with the popular drug trypanblue, work 
was taken in hand early in 1934 to evolve more effective measures for the control 
of these organisms, A series of controlled experiments were carried out to test 
the efiScacy of trypanblue in larger doses on the laboratory strain of B. Mgemina. 
The strain was isolated and in successive batches in hill bulls, but 

as would appear from the data collected, the drug failed to check the multiplication 
of the parasites. On perusal of the original work of Nuttall and Hadwen [ 1909 ], 
it would appear that although trypanblue produced a marked amelioration of the 
symptoms and checked the severity of the disease, yet in two out of the five treated 
eases, the parasites reappeared in the peripheral Blood on the 7tb and the 8tb day 
respectively after the treatment. Theiier [ 1912 ] working in Pretoria on the same 
lines infected twelve susceptible cattle with the local strain of B, Mgemina and 
treated them with trypanblue. Except one animal that died, all recovered from 
the disease. In three of his treated cases, however, microscopic examination 
of the peripheral blood revealed the presence of the parasites on 14th, 18th and 
21st day respectively after the treatment. 

A fresh stock of trypanblue was obtained from the manufacturers, E. Merck 
& Co.; Germany, and comparative potency tests were carried out along with the 
old stock but in the experiments carried out no evidence could be obtained of the 
superiority of the new' stock as compared to the old. The drug was subsequently 
replaced by another proprietary preparation ‘ Akiron E manufactured by Bayer 
& Co., with very successful results. 


Methods, material and obseevations 

At the outset work w'as undertaken to determine the maxiuium tolerable close 
of trypanblue in the hope of combating the infection due to B. Mgemina wdth 
a higher dose rate. Sergent and co-workers [1927 ] advocated small doses in 
proportion to the number of parasites present in individual cases, as they were 
of opinion that one grm. of trypanblue per 100 kg. is liable to cause alarming 
symptoms due to the liberation of toxins from the destroyed parasites. Bui 
the treatment carried out at this Institute, with 50-75 C. c. of a 1 per cent solu- 
tion given intravenously, failed to cleanse the peripheral circulation in several 
cases. 

Eor the purpose of M. T. B. tests of trypanblue, fourteen animals were in- 
jected intravenously at doses varying from 1*2 to 4 grms. in a 2 per cent solu- 
tion at an average body-weight of 220 lb. Very interesting observations, some 
of which have been recorded by Stirling [ 1927 ], were made which are worthy 
of mention. 

In almost all the cases, the inoculation of trypanblue was followed within a 
short period, depending on the degree of the dose used, by accelerated breathing, 
filling in of the folds of the s|dii round the eyes and the neck, lachrymation ancl 
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salivation. I'lie tears and the saliva were bluish in colour, and discolouration of 
the eonjunotival and the buccal mucous membranes soon followed. The non- 
pigmented parts of the skin, over the regions of the groin and scrotiun were 
stained blue a little later. A marked tendency towards defecation was observed 
and on etraiiimg, transparent Jellj^'-like mucus w^as passed. The inoculated animals 
appeared to be depressed and made no attempt to rise soon after the injection. 
The symptoms passed off wltiiin tw'o hours in animals tliat received smaller doscB. 

Bonatien and Lestoquard [1927] are of opinion that the irjjeetion of trypan 1 due 
into healthy or ehronif ally infoctedcases does not give rise to toxic .symptoms, 
but on the other hand believe that such .symptoms are due to the liberation 
of toxins on account of lysis of the parasites. Contrary to the view' expressed 
by the above-mentioned w'orkers it may be pointed out that the symptoms des- 
('jibed above xvere observed in the batch of fourteen hulls used for M; T. I), 
tests tliat may be classed as healthy or chronically iiifccde<l iji view of the fact that 
none of these animals showvd evidence of red-water when tliey were subjewded 
to the experiment . In those animals that received the maximum dose, the drug 
was noticed to he eliminatc’d with the body excretions six minutes after the in- 
oculation; wlnle in others that received a smaller ciuantity Ibis process look 
from ten to thirty minutes. Bevere toxic .symptoms wvre exhibited on inocula- 
tion of 4 grms. of tiyqjanblue, rfs., de})re.ssion, loss of control over tbc limh^. diar- 
rhoea, inajipetence and dyspnoea. Tympanites is not an uncommon symptom 
that is associated with the introchictioii of tryrpanblue. The discolouration of tiie 
mucous membranes and tissues have been noticed to persist over four (uontbs. 
As a result of the.se observations the maximum dose of the dye; that could be 
tolerated with safety was determined to be between 3 to 3*1) grms. per 220 ib. 
body -weight. In order to test the efficacy of this heavy dose of try])?ml)hie, four 
liealthy animals were artificially infected with JS. Two of lhe.se wen^ 

Treated with trypanblue, one with three suecessive injections of 3*. 7, 2*5 ami 
1*5 grms. and the other with two consecutive doses of 3 and I'ff grins, on 5ih 
and 6th day after the infective inoeulation, respeotively. Tlie remaining two 
animal.s were untreated to serve as controls. All four animals were then kifeelerl 
with rinderpest virus on the 10th day alter the initjal inoculation. In both the 
treated cfuses the parasites disappeared after two and three days following the la.st 
injection of trypanblue respectively, but on mfeetion with rindorpo.st, however, 
71. higemhm reappeared in both these animabs on 10th and Otlj day resjieotiveiy, 
and persisted until death in each case. In the two craitrols, B, higtnrina became 
more frequent on infection with rinderpe.^t andln one ease persisted until dcatls. 
In the other ease they disappeared after 2l6t day anil the animal survived. From 
this exijeriment it will be observed that inspite of the attempt to deans<3 tlie cir- 
culating blood with large doBCH of trypanblue, the parasitew flared up as a rc.sult 
of infection with rinderpest and, curiously enough, brought about deatli in both 
the treated animals. 
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In a further series of experiments the eficet of administering^ trypa.nblue 
immediately before a combined infection with rinderpest and B. hgcmina was 
tested. Two healthy bulls were given 3 grms. of trypanblue each, in a 2 per 
cent solution intravenously followed by B. higemi^m infected rinderpest virus 
a little later. Two controls were inoculated with the virus only. All the four 
animals showed organisms ten to twelve days after inoculatioii as trypanblue 
produced no effect wdiatever in the treated cases. All four animals, how^ever, 
lived, and ivere discontinued -when the parasites had disapjieared from their cir- 



^ J’S-i. % s- 


Remarks 


infection 


Severe toxic symp* 
toms exhibited. 
No toxic effects 
produced. 


Shov’ed parasites for IB 
days after tresUment. 

Showed parasites on 4t.h 
day after treatment. 

Showed parasites throngJi 
out the period of obser- 


16th April ’36 20th April ’ 36 
leth April '86 22nd April '36 


culation. 


Notwithstanding the disappointing results obtained in the foregoing ex- 
periments in the treatment of the tropical rod-water parasites by means of try- 
panblne, it was thought that these failures may be attributed to a deterioration 
in the potency of the drug used owing to long storage, or to the possibility ot the 
particular strain of the parasites that was being used, ha\ing dcvcioprd a to trance 
to trypanblue as a result of continuous pas.'^aging Ihrough animals treated with this 
drug'. The strain of this piroplasm was isolated and maintained m a senes of 
successive passages in hill bulls that had been discontinued from rindm-pest 
work. Only such animals were selected for this purjioso as had not exhibited 
B. higemina prcvicusly. The strain -was successfully established m tliese anima s 
throughout nine passages, using tw^o animals eacli lime. The suli-moculaticns 
were done wdth blood drawm during paroxysm.'-, about six to sc\tn dajs after in 
foction. Althougli none of the animals developed clinical symptoms or show'cd 
marked thermal reaction inspite of about thirty to forty per cent of the erythro- 
cytes liaving been infected, yet only one animal proved refraetory.^ Three animals 
showed the parasites seventy-tw'O hours after sub-inoculation, eight animals on 
the 4th day, three on the 5th, one on the 7th and one on the 11th day. ^ In each 
case the number of the parasites gradually decreased after a phase of increased 
multiplication wdlhout producing any ill effects. 

Treatment with a fresh stock of tryjianblue, obtained from the inanulac- 
turers, E. Merck & Co., Germany, was now taken up with a view to test its com- 
parative potency with the old stock. In all, eleven animals were treated as 
tabulated below : — 

Table T 

Table showing the rmilts of treatment o/B. bigemina with fresh and old trypanblue 


stock ot 

Trypanblue 


No. of animal 


















treatment ok BAUSSIA ISl(,milNA INKKCTK^N TN CATTLE 


Table I — caiitfL 


UmiiHt'kN 


Date lit 


No. of auirnal 


U vcre Dsvii' rtyuiii' 
toia.a 


Hiitnvfil stuiiwilt iicra* 
Ihi' J>’'Ti0l) 

>iKvi va1ii.)i. 

ShowtMl itafiibii-fh l.hroiiMli- 
oijt Iht) jH !’iO(l Ilf obwt'r* 
vaflon. I 


iliglit toxif, Hviiiii' 
tomb (jxhibiO'fl. 


tlunwil iiuKisites ttirongli" 
out the periiiil nf oliner- 
VJ'liori. 


Kn<Mhiry|»uii' 

bine, 


Ota iryi-'a!' 
filae. 


(547 3(n.li April 


i'asBas^e 

'Xlf.. 


.Shrnv’od purasifcs tliroush- 
init the perioil ofobanr- 
vation. 


IfiC SOlhAprirsn ITntrcated 
Control. 


1 7th May *35 Fresh trypan’ 

blue. 


lDiaekil5ah;(lf>th day). 


'35 irntrcated 


PaRSftKe 

xnr. 


Khownl jsara.sltes t.li rough- 
out the jK'iiotl of obfMT- 

ViltioJi. 


Thitreatpil 

Control. 


<11 tu.iju' (‘ilt'ft*- 
prodiired. 


Hiiowi'fi pai.asiti-.- thnm.di- 
Hilt the I'li-riofl ot oh.si.r- 
vafinn.. 

Ditto' -'■ 


35 Fre^htrypaiv 
i lihip. 


•SR 


DM trypan- 
bint-. 


:20th May *35 


;15thMay.*8S: 


Passage 

XIV. 


ShiAvcii parasites thmuMi- 
osit. the I'xjriod of obiier" 
vat inn. 


Dntn’atetl 

Control. 


15th May 


Slight toxie symp- 
toiaa e.xliibiled. 


Showed parai-ites on the 
2iiil day sifter treaiinent. 

Showed parstslteg thmiiglr- 
nut the i.a'riod of obMT- 
Ysttion. 

Slipped par.asite’-' tlironph- 
out the iseritid of obnor- 
vation. 


28t.!i Mav ’35 Fresh tryiwii)- 
blue, 

esth Mav ’35 Old trypan- 
blue. 


,584 24th -Mfiy 


Ditto 


334 24fh May 


Passage, 

XT. 


Untreated Con- 
trol, 


2.tth May *35 



78 am Indian jouknai, of vbtbiusahv aeiBNOn and animal husbandey [ VII, n 

It -would appear from Table I that six animals were treated with the ftesh 
stock of tTTOanblne and five with tbo old. leaving seven aimnals untreated to serve 
as controls In all eases treatment was instituted on the day the parasita were 
detected in their blood after an incubation penod of three to six days On the 
taS of M. T. D. tests carried out at the commencement of this work, all the animals 
miL trltment were given. 30 C.C, of a 1 per cent solution ^ tryp “blue per 26 b 
bodv-wefeht intravenously. Goodall llOM] reported stioressful lesults with 
heavy doses of trypanhlue up to 260 c.c, of a 2 per cent solution mtravenously for 
catJ infected with B. bi<jcmma and attributed failures to ‘ 

being used. But our results did not support his views as in nolle ot the eleven 
cases so treated was the sterilisation of the circulating blood obtained during tin 
post-treatment period of observation of twenty days. 

The above series of experiments yieided almost conclusive evidence as to 
the ineffectiveness of trypanhlue to ho. regarded as a ’ speeiiie ' or 
rod-water parasites. Several eminent workers have used trypanbluc cxlensivelj 
imeiit of hovine. piroplasmosis duo to ^ 
with amelioration of the symptoms hut, in several instances their « “dsji ftier 
do not show that the diagnosis was based on niioroscopical “ 

the cures were established on examination of blood films after the ti ■ 

Thus Mollis r 1914] repotted to have treated twenty-three eases with trypanhlue 
Africa oi cLcal manifestations and obtained nineteen recovenes. 
fn the four oases that aed the drug was stated to have been 8*^“ 

Goodall r 1914] reported to have treated hundreds of cases with large doses 
tvpanbliie hut the eflect of the drug was not determuied by microscopical exa- 
nlLtion Yakirooif and collaborators [1917] used 26 c.c. of a 1 per 
in normal saUne giving a total of 2—3 gtm. in acute cases. While stating that le 
“I tomtlete ■, the authors do not hear out this on blood smear examma- 


« old stock of uypaiibluo and six witl. the fresl. « ^ - 

Qiploying the same dose rates oi tne two stocKs. xxiv 
could lend no support to the presumption tha,t the un- 
i was amenable to treatment with either brands of try - 

of the results, the use of trypanhlue had, therefore, 

S^ntly, Theiler [ 1930 ] expressed the view that since tlie 
[ trypanhlue have been produced but they are devoid of para. 


tory strain of if. big&w.vfiO', em 
results obtained in this case cc 
treated strain of the parasites 
panblue. On consideration c 
to be discontinued. J' . 

- . 11 - J 1 


iWiiSiiiiS 

V V ■■■O'. ? 0^ iO*'. ■ ? v'" 
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Alioiit tills time a communication was reeciveti from Hnvoro Q-rading Cc^m* 
|)any, t'jaicntlaj (.lifcring samples of a proprietary pri-para.tion, ‘ Ak'iron li 0 mami 
faet-ured. by Bayer & Co., tor trial its ‘ Italfesioi-is “ ai-.d ‘ heikaiow-^H ’ of cattle. 
At that time no ndercDee cfadd !«,• jdAnimid in jivailalae literal uin reenrt.li'iig tin? 
lh(!i’apcutics of llii^ dimp:, lai f>,\|!erii!ieni,s cfaikl be basial, Ifiit tlio oppe-.r- 

tunity was ialoTi aia! the. {|n!p oblained iVee of i-baj'ar'. It was sei-iivcd in b and 
it) c.c. am^fcmies of a 5 'fa-r efs'd suinlio'ip jlip lluid briny (if a iiyhl^ yelke’w cf.si(:)ur 
and ready -for lu-c. ’I'bc e.riyiii.'d biburaSe-r}- htiain vi .IL hiiiihnhts was ina-imaincd 
and in t he. subseque-ni t-erie;-, of rxiK-rinieiils Ibr- (dbeae-y oX " .ALiron li ’ was tested 
wdlb very successful rcamUs, Tlns-ia hstve- Iren labuhtted beknv : — (Tables II-A 
and .II-B), 

T-aele IB a 

Shov-i)ig fr.vidlH of lr< iihiu.iil (>f }l. biyeiniuh hiji.c lion v:lih \AL'iron li.' 

Date of nafe on wliich { Dat e of ires t- l{.eK«li«4 nf hlriod 

No. of aiisiaal 'iniiot jsiii | reaei*-'.' ^ j iiM'iil iirni (iiow raiK-ai.-i. .Keniarks 


Fassage 

XVI. 


SlBiMay ’Sf> 12tlj .Tanf *;’5 
- Ait- big. 


12th .IntK! ’Jin. iO N''a'itiv4‘ roilmviuii Tlermal r.-nrtioji for 
<!.o, siib-eiiMai - day till fho r'-iiod IH ]u>im, hmppw- 
‘iie-ly. of observation. lenre, k<fal swelling 

lasting for & wrek, 
iiirroascd saHwfion 
'.fora hours. .. 


:n,Ht May ’115 1 .Tune Mil j Enlroati*.! 


aint May 'lift h-a .Tujti' ’;c'> i's 
5th Jisno h.i.l. 


Shewed parasih'S 
, Jut ,’i (iii.vB aih.T 
j appearaurfi. 


’‘(’nrrlef’ arfiranl para" 

piJt'S 

nirouKliDiit the 1*- 
riiifi of oliEerva- 
tioii. 


571 7th .him' *86 llth-lnar- *35 j Tith 

I lyr-.e. intra- 


Pii,s.sag« -i 58 7th Jane *35 7t]i TiaU' '35 > Uiilrwiif-d , . | 

XYIl, i j 


55 "tJiJiina ‘35 lOtli JiUie *85 | T) 0 . 


Bird soon aflipr tti« 
iujeothm «f ‘ Abiron 
It.’ jwibiming. 

I’amiifes peraistad 
llirnujflimit the pe- 
riod <if obaervatioi). 


( 639 13tii June ‘SS 16th Jtine -’SS 16th .lime- *35 
{AS. Mg. 5 e.e. suh-oiua- 
} . ncourly. 


Net'afiveroUfOTinp ! Thornwl imetloa last- 
da'y tiiitbfi peril Hi j iiig 4S hours; ioeat 
of olwiirnUioR. j swelling. 


PfiMage -<500 13th .Tunc '35 16tSi Tunc *35 iflth Jonc ’Hr. 1 Iha 
XVin. hB.hig. 5 c,c. ijnranjii.H- j ag 

“ cul&rly. 

^870 IStSi Tuno *35 16th June *35 Untreated Control | 


lO'aBHf'H not Hccr 
again as above. 


raraaitea persist/ed 
throughout tVse pa- 
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TAmJEll- A— conid. 


Eemarlts 


Bate on -K-hich 
parasites 
appeared 


ilesultR of blood 
smears 


Date of 
infection 


Ko. of animal 


Slight thermal and 
local reaction. 


Ifegativo the fol- | 

lowing day till the 
period of obscrva- 
vation. 

Parasites not seen 
again as above. 


Thermal reaction last- 
ing 48 hours. 
Slight lameness. 

Parasites persisted 
tliroughont the 
neilod of observa- 


22n(i dnne ’35 
5 c.c. intranins- 
cularly. 

Untreated Control 


Passage 

XIX. 


Table II-B, 


Eemarhs 


■Result of blood 
smears 


Date of treatment 
and dose 


Date on which 
parasites 
appeared 


Date of 
infection. 


Xo. of animal 


24 hours after treat- 
ment parasites ap- I 
pcare<l degenerated 
and decreased; at 
48 hours , smears 
negative till the 
period of observa- 
tion. 

5 hours after treat- 
ment parasites ap- 
peared degenerated, 
sinoars uogativc s-t 
24 hours Jiud w-lt<5r. 


Eth July ’35 
+ -Pli. biffi 5 c.c. 

jub-cutaiveousl y . 


Increased saliva- 
tion noticed for 
about one hour 
after treatment. 

Parasites iiersisted. 


Pagsag# 

.XX. 


6th July ’85 
+B. bid . 5 c.c. in- 
tramuscularly. 


Untreated Control 


‘Carrier,’ parasites 
did not increase. 

Parasites did not 
increase. 

Parasites persisted. 


Untreated 


Pasa^ge 

XXL 


Control 


Marltcd thermal re- 
action for 2A 
hours after treat- 
ment. 


24 hours after treat- 
ment a small num- 
ber of degenerated 
parasilofl seen, nie- 
gative at 48 hours 
and thereafter. 


18th July . 35 
+ J-+U. mo. 5 
c.c. sub-cutane- 
ously. 


Slight thermal re- 
action tor _ 24 
hours with inap- 
petcnce. 

parasites persisted. 


,8th July, ’85 
-h -VB. bxg. 6 c.c. 
Intramuscularly. 


Passage 

XXII, 


Untreated Control 


.j, + B= numerofus. 
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No. of ftflimal 


Bill 
Boll 
r 074 


l*s»«»gc 

XXllL 


PaFKase 

XXIV. 


3’a»5«g» 

XXV. 


Passaga 

XXVI. 


721 


681 

28 


726 


4S 

41 

■{ 709 

10 
4 

A 12 

644, 


Date of 
infection v 

Date on whieh 
jiamfiites 
appeared ■ . 

Date of treatment 
and dose 

Eeatito of Mood 
Bniear* 

' ...Ecmarlrs. 

18th JnJy '35 

19th July *35 

2.5th July '35 
•t -I'Jl. />«!?• 5 e.c. 
intn^iiiiiscohirly. 

24 hours after treat” 
ment a amall iimn- 
ber of ijegeneratcf] 
jjarrisiteHsrmi!. NO" 
gatj ve tbereaftor. 

Martel thermal 
reaction foj 48 
horira after trent- 
ment. 

18th July *35 

, mh .I'uly *35 

25th July *3,5 
+ ■{ B. hifh 5 e.c. 
SMb-f.tttaneouRly. 

Do, 

Slight thermal rs- 
action, Incressed 
aalivatfon for 

ahmit an toour, 
inapiatenee for 
2 days. 

18th July *35 

24th J\ily *35 

I'nlrcated Control 

... 

Farasitea pmMed. 

e5tli.Tvily *3.5 

29th J\j]y *35 

3lRt July *35 

-(• + J?. fiir;. 6 e.c. 
8ub-cutanei>a»ly. 

24 hottr8 after treat* 
ineiit a Rmall num- 
ber of degenerated 
T!ara5iite,«s seen . uega* 
Uve tliereaner. 


25th July *35 

29tli July *35 

SlKt July *.15 

+ 4 B. big. 6 c.c, 
intjaniUBCularly. 

24 hours after treat- 
xaent parasites ap- 
peared degenerated 
and decreased, 48 
hours a very small 
iKiinber of degener- 
nted parasites seen 
and negative there- 
after. 

Inappetene# for 2 
days. 

. 

25th July >35 

mh July *35 

ITntreated Control 

... 

Parasite* persisted. 

SistJuIy ’35 

, 

4th A«r. *35 

fith Aug. '.35 
4 + 4 Jl. biff. 

6 c.e. siilj-cuta- 
ncon.siy. 

Nepafive at S4 liotir* 
niter treatment till 
the perioti of ob- 
Bervation. 

Thermal reaction 
for 24 hours after 
treatiaent. 

iUst July *35 

3y<l Aug. 'SS 

6th Aug. MS 
4 + 4 It. biff. 

.5 e.c. Intranius- 
cnhwly. 

24 honrs after treat- 
ment a amnil num- 
ber of degeneratcil 
parasites seen , nega- 
tive thereafter. 


31st July *36 

2nd Aug, *36 

Entreated Control 


Parasite* pershted. 

Cth A,ug, '35 

9th Aug. '35 

Untreated . 


Parasite* did not 
Increase. 

6th Aug. '35 

Rth Aug. ’8.1 A 
11th Aug. '85. 

Do, 

: . .... .: 

Do. 

6th Aug. *36 

11th Aug. *35 

Do. 

••• 

Do. 


+ »*few. 


4- + »»freqaeiit. 


+ + 4*««n'aiBerotM. 


Ill connection witli the work of testing the camtive effect of* Aldron 
upon B. bigemina, it would appear from the foregoing tables that in all thirty -thiee 
bulls were artificially infected in a series of eleven batches, each comprising three 
animals. Of these, sixteen animals were subjected to treatment and the remaining 
served as controls. The first animal bandied was Ko, 571. (passage XTII, Table 
IT-A.) which died as a result of intravenous injection of 10 e.c. ‘ Akiron R.* The 
second animal No. 246 (passage XVI) received the same dose of tbe drug sub- 
eutaneously on the day that parasites were first observed, but it e.xhibited a severe 





reaction soon after tlie introduction of the drug, in the form of foaming at themouth. 
and shivering lasting for about two hours ; inappetence, rise in the body tem- 
perature lasting forty-eight hours ; and a painful local swelling ■which persisted, for 
a -week/ The day folio however, the parasites were not detected in blood 
smears from Hill hull No. 246, while the animal was under observation. In view 
of the toxic effects of 10 c.c. of ‘ Akiron R ’, the dose was reduced to 5 e.c. in the 
remaining animals. Of the four treated animals shown in Table II-A, with 5 e.c. 
doses, twm were injected sub-eutaneously and the other two intramuscularly, on 
the day the parasites were detected in their blood smears. These four animals 
also showed a mild reaction to the drug, but none of them revealed the presence of 
B, bigemina during a period of observation of ten days. 

Being encouraged by this finding more extensive trials were undertaken as 
indicated in Table II-B. In this series, the multiplication of the parasites was 
allowed to progress to various degrees, before treatment was given. Ten bulls 
were treated in different stages of the disease, leaving eleven animals to serve as 
controls. It would appear that in all the treated cases the peripheral circulation 
was cleansed of the parasites within forty-eight hours and no evidence of any 
relapse was confirmed by daily microscopical examination of blood films for the 
following ten days. In the controls, however, the parasites persisted. The drug' 
appeared to become absorbed quickly and in the case of Hill bull No. 686, from 
which smears were examined every hour, it was noticed that a large number of 
parasites were distorted and ccnimeneing to disintegrate fi\"e hours after the 
injection. ‘Whether the drug exerts a destructive action on the chromatin or 
the cytoplasm or both could not he definitely determined ; for, both these 
structures, as noticed in the stained smears, were affected, leaving an irregular 
mass of the remnant on the erythrocytes. The destroyed parasites were then 
found to be gradually disappearing. At first the nucleus appeared as a speck of 
pink colour surrounded by a distorted, slirunlc and deeply coloured cytoplasm. 
Later, in place of the nucleus, a small vacuole appeared within a dark mass of 
cytoplasm. This could then be easily mistaken for an artefact. 

The curative effect of ‘ Akiron R ’ for B. bigemina infection, as ■would appear 
from the foregoing experiments proved to be far superior to that of trypanblue, 
for, a complete sterilization of the peripheral cffculation was obtained wdthin a 
short period. It will be observed that in most of the treated cases the close of 
5 c.c. of the drug produced a certain amount of reaction, and on this account, it 
•was considered that a smaller dose may possibly yield identical results with advan- 
tage. The subsequent series of experiments were, therefore, directed towards the 
determination of a minimum effective dose of ‘ Akiron R Four trials were 
carried out as tabulated below (Table III), to test the efficacy of 1 c.c. on an 
average body- weight of 100 kg. The microscopical examination of blood, 
films of such cases, however, showed that the reproduction of the parasites pro- 
gressed tinaba led, ^roviu^ tlieroh^ that this was too smaU a dose to effect a cure. 
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Tabi.e 1 1.1 

vith ‘ Al'iron H 


(!''in!'rUs 


Krt. of animrtl 


KXXU. 


(■.•lUh-iti-B IH-rW/id 

)!,;■< .in:! I! Htl the l»mxl 
t.pyr-.ali'jn. 

5 tid not react. 


PRwajje. 

XXVilJ 


aTR«!tes l>ftrij5sfced 

'i.n'i.ipliiMit. the period 
;tf obM.*rvatlon. 

IJiitto 


S’afisaae 

XXIX., -I 


+T+.f^ 

ih-'uiwiin’- 


-[■'+ ^fairly umaeiwis, 

r tsoKC Tvttb rRiisctl to 2 c'.c. per ItH) !• 
,t{Hl ut the iicisht- of infeKaoii iis iiidi 


Table IV-A 

higeiniiia wiih ‘ A Mran U ^ (d 2 c.n 


Eesulis of Ireatmt'nt of 1 


Date of tuatineat 
a«d tiono 




IlesnJiii 


Ko. of aniraal 


A few dccesi* rated pa»f«Mes f«» np 
io *24 Wtuw after treatwoitt and 
jiep’atite ihen-afUT. 

Ditto 


.e.iidiatill!: 


neonely. ■■ 

Untreated C'ontroT 

■Stfli Sept..'35:'..5-”*F+.B. " 'Citred' 
i/;?. £ 0.0. totramsB- 
"cnlnriy. ■ " 


Passage 

’\r X* 1 


ParJteito.” puf'-isted. 

'4:11 to; ns in No. Sth 


1! Oih Ntipt.’SS 
I 17tfi Sept.T.u 


h>id not react. 
raraslicF persisted. 


4.f7 1711) Selit.'y5 

llH 17th Sept.’;}.*! r lit real )‘d Couirol 


nuraerouE 


4. -j. ™fairjy «tji»6wus. 



The results incorporated in Table IV-A rndieate tnar a uoso_ or . 
‘ Akiron E ’ iras sufficient and safe for Bnccessfelly combating infootn 
B.Ugemmam bulls averaging 100 tg. in body-vreight. JiMthemore 
trials -with I • 6 c.c. were also carried out but of the eight artificially infect 
treated with this dose one animal continued to show the parasites foi s 
two hours after treatment, while in the others the circnlation was fiee of p 
within forty-eight honrs. Hnally more tests * 

tive effect of ‘ Akiron E ’ with 2 c.c. as shown in Table iV-E. 

Table IV-B 

Besulis of treatment of B. Mgemina with ‘ AUron at 2 c.c. dose 


Date of treatment 
and dose 


Date of 
infection 


Eemarla 


BeBults 


No. of anlmai 


A few degenerated parasites seen np 
to 48 hours after treatment and 
negative thereafter. 

A few degenerated parasites seen np 
to 24 honi'B after treatment and 
negative thereafter. 

Parasites persisted throughout tlie 
period of observation. 


Cured 


4thNovr.’35; + ++.35. 
biff. 2 c.c. subcutA- 
neously. 


Passage .< 148 29tb Octr.’SS 
XX XVIII. 


158 29th 0ctr.*36 Untreated Control 


Negative at 24 hours after treatment 
and thereafter. 

Ditto. 

Parasites persisted for 10 day# after 
appearance. 


ri22 6tli Novr.’36 13thNovr.’35 : +B.&ii7, Cured 

lAi owi hwvi.. 0*7 2c.c.BUhctitaneoiisly. 

Passage •< , , „ -nt+tf. Do. 

XXXIX. 240 6thNovr,’35 Bltto 

139 5tbNovr.'36 Untreated Control. 


A few degenerated parasites seen up 
to 24 hours after treatment and 
negative thereafter. 

Ditto. 


21stNovr,’35: + +iJ. 6tVl Cured 
2 c.c. suhcutaneously. j 


21stNovr.*3B: +B.Ug. 
2 c.c. subcutaneously. 

Untreated Control 


Passage 

XL. 


persisted throughout the 
if observation. 


Parasites 
period ol 


A few degenerated parasites seen up 
to 24 hours after treatment and 
negative thereafter. 

Ditto. 


293 2l8tNovr.*3B 28th Novr.’85; + + + B 
Awa 2 aubouta- 

neously. 

261 21stNovr.’85 28th Novt.’85: + + +B. 

biff. 2 c.c. suDcuta- 
noously, 

312 2l3tNovr,*35 Untreated Control . 


Passage 

XLI. 


Parasites persisted for 4 days after 
first appearance. 

A few degenerated parasites sep up 
to 24 hours after treatment and 
negative thereafter. 

Ditto. 

Parasites persisted throughout the 
period of observation. 


165 28thNovr.’35 6th Decr.*85 : + + B. 

biff, 2 c.c. subcutane- 
ously. 

291 28th Eovr.’SB Ditto 

183 28thEovT.’86 Untreated Control . 
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In this series a total of ten animals were treated at varyincf stages of the 
tlisease and in all cases B. bigc.mina, disappeared from the peripheral circulation 
within forta'-ei^:ht Isoiirs after the treatment with a single snbcutaneoiis injcolioii of 
2 c.o. of " Akirori R In none of the treated eases did a relapse oecur during a 
post- treatment ]’>criod of ohserva"* ion of ton days. It has sinee been nsed as 
routine treatment in fsasos of resuscitation of B. bigpmiwi in rinderpest work as 
weli as rmnedy for obtaining ‘ bigNnind-frae ’ rinrlerpest bnll virus. Over 
fifty atihualg have been treated under tlic former category with a single subcu- 
taneous injection of 1 c.e. for 100 lb. body-w<!ight rielding 100 per cent cures. 
Its effect in yielding parasite-free rinderpest bull virus was experimentally tested 
on fi.ve artificially infected animals. These bulis "were inject, ed witli 5 c‘.c, ‘ Akiron 
R ^ on the day they were used as rinderpest virus ]>rodueei’8 and in no case, did 
B. biyeinind appear during the course of the disease (rinderfiest). As a control, 
.similar animals, nim^ in number, ■were used as virus pmxhiei^rs without, being treat- 
ed previously with ‘ Akiron R ’ and in seven ea.sc.s out of nine B. higemina was 
resuscitated within three to seven days after infection with rinderpest. It may 
however, be pointed ont that for obtaining ‘ parasite-free ’ rinderpest virus from 
* carrier ’ bulls treated '^vith ‘ Akiron R \ the infective material should be free 
from B. bigemma. 


As a pjropli^'Iactio against B, bigemina infection, ‘ Akiron R ’ proved to be 
inert as observed in another series of experiment. Twenty bulks were used for the 
purpose in the following manner : — 


Two bulls were injfseted with 5 e.c. ‘ Akiron K ’ Bubcutane- 
ously and infected with B. bigemina 10 days later. 


i.>oth rolapsed. 


T-wo bulls -vsfore infected after tiio Sfiufie process 8 days later 


Two bulls were infected after the same process 0 days later 


Four bulla were infected after the sanio process 4 days later 


Three relapsed and 
one proved refrac- 
tory. 


Two bulls were infected after the same process 2 days later 


Both relapsed. 


Four bulls were infected after the same process 24 hours 
later. , 


Two relapsed, one 
proved refractory 
and one cUchI of 
other causes. 


Four bulls were injected with 6 c.c. * Akiron R.’ and B. 
higemina blood simultaneously. 


Two auiiualsrelapsod, 
one reactofi on tost 
later and one proved 
refractory on teat. 
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Lastly'', an attempt was made to gauge the duration of cure that ® AMron 
E. * is capable of imparting after treating artificially infected bulls. A batch 
of twelve healthy bulls was infected with the laboratory strain of B. big&mina 
and treated soon after the development of the parasites with a single subcutane- 
ous dose of 5 c.o. each and housed in an out-kraal. After the treatment was 
completed these animals were allowed to mix with the others in the same shed 
and left to graze out in the fields. Clinical observations were recorded and blood 
smears were examined daily for a period of twenty-two days in four cases^ and 
seventy-five days in the remaining eight cases. During this period three animals 
showed rare B. bigemina only once on 21st day after the treatment while the rest 
were negative throughout. YYiiether in these three cases the reappearance of 
the parasites could be attributed to a relapse or whether the infection was su- 
perimposed through the agency of the specific vectors, of which there appeared 
to be no dearth in that area, could not be definitely determined in view of the fact 
that these animals were not kept under tick-proof conditions. Seven clean animals 
were sttbsequently used as rinderpest virus producers after a period of five to six 
months and in no ease i?. was found to resixscft^^ From these re- 

sults, it is evident that the curative effect of ‘ Akiroh R Ms sufficiently lasting. 
Two other aiiimals frarn the same batch of twelve bulls were infected with B. 
bigemina five mouths later and both developed the infection, The drug ‘ Akiron 
B ’ has been put on the market under the name of ‘Acaprin * and is sold in 1, 5 
and 10 o.c, ampoules in a 5 per cent solution. Smythe [1936 ] has successfully 
used ‘ Acaprin ’ in the treatment of red-water in cattle due to R. 6ovis infec- 
tion. Cernaiami and collaborators [1936 ] report to have cured twelve bovines 
in 1934 showing severe sym|ffoms of R. Sig’ewrtta infection, with 2-5 o.c. doses 
of ‘ Acaprin b In 1935, they treated fourteen animals obtaining nine recoveries 
as a result of one injection of the drug. Professor Horlein [1936 ] of the Bayer 
laboratories summarizing the results so far obtained with this product states that — 

“It exerts a specific and energetio action in almost all the piroplasmOsis of the 
domesticated animals and it possesses a wide sphere of therapeutic action ; it is possible 
to administer it by snbcutaneous, intramuscular and intravenous injection and also 
per orally. It is a colourless substance and there is, therefore, no staimng of the tissue® ”, 

Summary 

1. In routine practice a large number of failures resulted in the control of 
jB. bigemina in cattle during rinderpest work with trypanblue. Controlled ex- 
periments were undertaken to test the efficacy of larger doses of trypanblue in bulls 
' artificially infected with the loc^ strain of the red- water parasites, but it failed to 
produce sterilizatioG of the blood. 
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inanniWtiiml by Messrs. Bayer & 

2 . A proprietary prepai'abon ^ „,axinnini offeetivc dose of tbe 

Co. was tried with %'ery success u . -, . ^ solution per 100 - 

drug was expcrhuentally defcernnned to be I ol a . i, 

lb. body-weight. valuch-s as a prop}»vla<db‘ agent. 

3. ‘ Akiron 11’ was found to bo 

4. Thecnn.dlveelTe<d.otMlKMb^^ 

AfnmwiJSBGMicN'i's ^ ^ 

The author is greatly iudelArf to ^Ldion gave all possilde 

I.V.S.. E.N.I., wh» **'%'; y jfdl. to Mrr-i. R- 

facilities and guUUmoe. , Artor wade several »®W *>‘ 1 !?“'*- 

his valuable advice and help. 
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.THE EFFECT OF HIGH PROTEIN FEEDING ON M 

COWS 

BY 

P. A. .SESHAN, B.A. . . 

Animal Nntritim Section, Imperial Ytterinary Research InstUuk, Jzainagar 
(Beeeived for publication on Stli April, 1937) 

Amoko the several factors wbioh have been studied for increasing the milk- 
yield of cattle, considerable attention has been paid to the question of protein intake 
and its possible effect on the quality and quantity of the milk. Woiser [1928] 
observed that wlien the digestible protein food of a eow wa.s lowered from I- 534 
kg. to 0*871 kg., there was no difference found in the milk-yield. Savage and 
Harrison [1931] sup|3lemented their roughage ration with concentrate mixtures 
containing 16, 20 and 24 ]>cr cent of protein and found that the different levels of 
protein feeding were of equal efficiency for pnri)o.so.s of milk-secretion. Henke and 
Goo [1933] compared the milk production on rations containing 10*8 and 20*2 
per cent of digestible crude protein and noticed no change. Ilorwood and 
eollaboratons [1933] have shown that a concentrate mixture of 9*3 per cent 
digestible protein content was as good a supplerocnt as one containing 10*7 per 
cent in maintaining the milk- yield, health and bofly-weight of cow.s on pasture. 
Further work by the .same authors [1936], where the above mixtures were fed 
at the rate of 1 lb. for every 5 ll'». of milk, showed that there wus an increase of 
3*6 per cent in milk-yield with the higher protein intake. Working on four dairjr 
cows, Stewart and Tocker [1036] fed rations with widely differing albuminoid 
ratios, 1 : 2*76 and I ; 9*90, with no appreciable alteration in the milk-yield. 

The feed as a factor in influencing the composition of milk has also been tlie 
subject of study in some publications, Brouwer [1931] bas .stated that while the 
fat and some fat-soluble .substances of milk may be altered in quantity and nature 
by a change in the feed, the protein and calcium in milk are relatively independent 
of the composition of the feed. Perkins and co-workers [1932] have found that the 
plane of protein intake had little effect on the composition of milk, except 
as regards non-protein nitrogen which increased a little with increased intake. 
According to the findings of Stewart and Tocker [1936] a high protein ration 
decreased the solids-not-fat and lactose in milk and increased the total nitrogen 
and albumin nitrogen, while the fat or ash content remained unaltered. Studies 
by Turner [1936] of average data from different laboratories have .shown that, 
generally, the protein and ash in milk vary directly with the fat-content while the 
lactose fraction doe.s so inverse^. High protein feeding levels, however, had very 
little influence on the composition of milk. 

( 289 ) 




Experimental 

■ * -> divided into two groups so that their average age, 

rf'laotation and milk.yWd were about equal. All the anto* 
the computed requirements for maiiitenanoe and milk pro- 
the dry basis, of about 18 lbs. of roughage, one- 
silage and Guinea grass and the rest as For 

this roughage had to bo supplemented by 12 oz. 
The animals received, besides, 1 lb. of concentrate mixture 
• --^eld. the difference in the levels of protein intake between 
was effected by increasing the protein content of one of the* mm- 

witeout’ itH energy value. All the animals were kept under 

conditions, the feeding and milking being done twice a day. 

table (Table I) shows the composition of the two concentrate 

4c entire experiment. The digestible nutrients 

the basis of the coefficients given by Henry and Mornsonr 

(Table I) provided a production ration con- 
cent of digestible crude protein for the normal 
stively. It may also be mentioned that the 
of di gestihle protein for the average 
.. regular feeding trial was conducted, a 
' ■ L, milk-yield and live-weight being main- 
The results obtained may be considered under two 


Twelve selected animals were 
live-weight, stage c. - 
were fed according to 
duction. The feed consisted, on 
third of it being as joioar 
maintenance requirements alone 
of groundnut cake. ' 
for every 2 lb. of milk- 
the two groups 
tures, ’.. 
identical 

The following 

mixtures wbich were fed during 
have been calculated on i — - - 

It will be seen that the mixtures 
taining 20*7 per cent and 29-1 per 
and high protein groups respecr -^ 
maintenance ration yielded 0*5—0 -6 lb 
animal under experiment. On this basis a 
daily record of actual food consumption, ] 

tained for individual cows, - 

different heads. 
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the INDIAN , T. 

1 • „i.A(?rawn from the data presented in the 

The following inoreaae of abort li lb. of od-cake 

tables. The extra ration of the normal gronp animals. _ It 

per day over the already Mh c atteot the roughage consumption 

to interesting to note that Jmption per day remained roughly 

of the high protein group. 1 increased intake of protein made no sigraflcant 

the same for both the groups. ^t^IUs also apparent from their live-weight 

changes in the quantity to produce anincrease in the hody- 

records that the extra proteui fed received a produetion ration containing 

weight of animals. As the low p ..f , .jje milk, these experiments do not yield 

abort three times the of milk-protein production. 

anv useful information regardmg the ethcicncy 



PEODtrOED 

duly with the idea of studying the quan. 
few samples of milk representing the twe 
The available data are given n 


QUAUTY ' 

4s these experiments were st; 
ive aspect of milk production, 

,ps were analysed during their progress. 
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Table V 

of the proteins of milk {per cent) 

B ~ High protein group 


Non-protein 


Albumin N 


Casein N 


Sample 

No. 


arotein nitrogen fraction 


t iTVereaso in 





miCT OF HtGB PEOTElIf FEEDING OH MIECfi COlTS 


Two main ingredients of the asli of milk, Jime and phospiioric acid, have also 
been determinecl in all tbe above instances and are sliown in ble VI . 


Table VI. ^ 

Lifm and phmphoric acid in milk {pter cmf) 


Sample Ho. 

Ash 

CaO 


A 

15 

A 

15 

1 

0*695 

0*744 

0*150 

0*159 

2 

0*679 

0 • 737 

0*153 

0*107 

5 

o*7o:] 

0*7.50 

0*163 

0 ■ 173 

6 

0*688 

0*7.53 

0*1.53 

0*163 

7 

0*677 

0*733 

0*1,59 

0*171 


It may be observed that the Ingher ash-content of the high protein group is 
eoosistentlv reflected in its lime-content also. 


In conchision, it may be recalled that the protein and lime in milk are generally 
held to be iiKlependcnt of the nature of the feed, thongb some evidence to tlio 
Contrary lias been jiut forward by Perkins and co-workers [1932j and Stewart and 
Toeker {'1936] in regard to t lie nitrogen-eontont of milk. It is not possible, tliere- 
fore, to ovnluato the significance of the findings reported in this j>aper regarding 
tiio cliangc in quality of the milk iirodueed by cows under increased jirotein feeding. 
They have to be corroborated by more detailed studies covering a sorjea of lactations 
with the same animals. 

SUMMAKY 


An experiment has been made to study the effect of an increase in the level 
of protein feeding on the quality and quantity of milk-yield of cows. 

Besides their requirements for niamtenancevone group of six cows was fed a 
pj'oduction ration containing 20*7 per cent of digestible crude protein, while that of 
the higher protein group, also consisting of six similar cows, contained 29* I per cent 
of digestible crude protein. 

No diflferonco was observed between the two groups in food consumption, milk- 
yield or body-weight. 

The milk from, flio high protein group showed a slight tendency to bo riclior 
in non-protein nitrogen, ash and lime contents. 
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The author is greatly indebted to Dr. D. J. Warth for his valuable guidance 

due to n' f encouragement. Thanks afe also 

due to .Mr. Z. R. Eothavalla, Imperial Dairy Expert. Bangalore, for providing the 
animals under experiment and thei^ - aing tue 
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Fig. 2. OytoleicJms mdus. Male, ventral aspect. 


Sci. & Anim. Husb., ¥oL ¥11, Ft. I¥ ] 


PLATE XXI 


Fig. 1. Oytoleichus nidus. Female, ventral aspect. 


i’HE OGCUREENCE Of . AIB-SlG .MifE, 

NVDUS (VIZIOLI, 1870), IN FOWLS IN INDIA. 

■■■■' BT-. ■ ■ ■ ■ 

' , E, . L. , KAUEA, B.V.SO*, M.E.C.V.S. , , ' 
Assistant SeroUgut 

• ■■ AHD; ' 

S/GANAPATIiYIYEE,.Q.M.V.e. - V : ^ 
l^eterimiry Inspector 

Imperial Veterinary Seaearch Imtitvie, Muktmwm 

(Eeoeived for publication on 14fch July IQS'?) 

/ {With Plate XXI); ■ 


Cektain mites, like the deplumiiig mite, sealy-Ieg mite, feather rnite, etc., 
attack the superlicial parts of the fom'l’s bMy whereas oertain fowl mites are deep- 
seated in the bod}^ like the air-sac mite and the coimective tisane mite. The 
deep-seated mites are in reality degraded scab mites. 

A. peiiisal of text-hooks on Entomology shows; that the air-sae mito.s arc known 
to occur within the bones, lungs, brohcln, |)eritone»l eayity, etc. hut in India, 
the authors have ladi hor met with the oceurrencn of mites within the body of fu\s-ls 
except in the case under review nor have they noted any published record of its 
occurrence in India, 

Fillers [1,921] considered that this mite is: parasitic .upon birds and tliat the 
lesion resuliing from its infestation raredy: ends fatally.^ many writers 

incriininaie it as a. cause of iniammatory lesions in the jungs and intostines. 
Kaupp [1922] after studying a number of apeciinens considers that the air-sac 
disease caused by minute mites is fairly widespread in Colorado, North Carolina, 
New York and Peiinysylvania. He records, that the presence of a fevr parasite.^ 
may not cau.se any noticeable symptom, but when they severely Invade the bronchi 
in large numbers they cause local irritation, coughing, accumulation of mucus in 
the trachea and bronchi, partial asphyxiation, broncho-pneumonia, emaciation 
and death. Ward and Gallagher [1923] describe the air-sac mite as having been 
observed in the trachea, lungs, air-.sae.s, hollow bones and the peritoneum and ex- 
ceptionally in the heart, liver and dddneys. Methods of transmission and their 
presence within the tissues cannot be readily explained. Small miliary tubercles 
( 7 ontamiiig the parasites may be seen scattered through the affected portion of 
the lung. Their exit from the body may occur through the trachea by expulsion 

( 299 ) 




300 THE INDIAN JOURNAL OF VETERINARY SCIENCE AND ANIMAL HUSBANDRY [Vll, IV 


Gwalkiii and Glover [103!] have recorded the 
air-sacs, liolknv bones and the iieritoneiim, tl 
Tiiev, ho\\{>ver, consider lluit they are appi 
number in healthy birds, 


during cotighing. 
the wind-jjipe, lungs 
the eominonest she, 

for they may soinetinn^ be fomid in large 

The Rultjed, of report, from which the air-sac miles were recovered, was an 
ailing co<-k received from the Fowl Breeding Hlation of this Institute at Latoli, 
on 8th Oetoher, HKhl, for observalion whh a view to eliminate the ptossibility of any 
contagious infection. The bird was kept in a cage and died on 13th October, 1930, 
prior to which ihermal rise, inappjelence and sliglit rosjiiratory distress were noticed. 

On post-rnortcni examination the tmtire pcu’itoiioal and thoracic cavities along 
with the viscera ajipeared as if sjirinhvled with sabulous deposits, which on micros- 
cojiie examination witc found to be accainnila lions of miles. They occurred in 
massive numbers and were seen to bo aelively motile on Ihe surface. The lungs 
showed signs of consolidation, and the liv'er was studded with numerous pin-point 
to pin-head sized cream-coloured nodule.s. Some of 1 he mites were found embed- 
ded supverficially in the liver. The heart blood revealed no micro-organism on 
microscopic and cultural examinations. The death of the fowl resulted from 
pneumonia. 

Pieces of the nlfiKftcd portions of the lungs and liver were sent to tiie Patholo- 
gical section, for a histopathologieal examination and report, which showed that 
the lungs had suffered from a severe type of pneumonia, the sections also exhibiting 
mites and their e//gs along with rare groups of dij>htlieroids and Gram-j)ositive 
bacilli. Liver showed marked congestion with, foci of myelocytes (myelocytoma) 
some of which showed mitosis. 

The mite on careful mieroscopit; examination conformed in ty|;e to Cytoleichiw 
ymdiu' (Vizioli, 1870) given by th(' authors of various text-books on Fntomology 
and Diseases of Poultry, refernal to almve. (Plate XX t, figs. 1 and 2). The 

parasite is ovoid in shape, yellowish white in colour and is just visible to the naked 
eye. 

In vdew of the difficulty encountered in treating the affected fowls owing to the 
peculiar location of the parasite inside the body, it is eonsi<lered that the condi- 
tion is serious especially wlien infestation becomes heavy. It is advisable to 
destroy and cremate infested birds and thoroughly di.dnfect the jiremises. They 
should not be restocked for several montlis, during which period disinfection maV 
be repeated. 

Recently, a furtlier consignment of dead or dying fowls has bec,n recidved from 
the Bowl .Rreeding Station, Latoli, and on post-mortem examination hea\’'y infes- 
tation with Cptoleichm nndm was found in each case. It appears that the flock 
and premises at Latoli are heavily infested with this mite. 
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OCCUnilENCE OF AIR-SAC MITE IN FOWLS IN INDIA. 

Summary 

T,hf‘ ()c(Rjrr<*n(‘r* (if miles wit Jiiii tJio Hir-sscH of fowls is roeordod, for the 
tirst time in fTidin. Altliooph jirimarily |mrasitic in tlieso sites, an oNtwisivc iiifes- 
lation of the organs had d('ve{opo(l. 

This milt' is imiisi inj.'uishahio from ilyloldchus mitlvs (Vi/.ioH, 1 H70), j)i)jmiar» 
ly kutn\n as the <air-';?u‘ mitt*. 

On at-t'ouiit ttf tlie diiitt'idty in imitiiig the alfoctwl fowls it is consi<lero<i to 
ho a Httrious ffn)di;ioj!, 
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A NOTE ON THE AfETHOD FOE THE HETEKAfTNATTON 

OF THE OATXHTTM HEQITTEEAfENT OF MAN 


Ari). ABDITT. n.YK, M.Pc, 
PhfHwIoqiml nhcmh^, Bmga^ 
Tli‘(>r‘ivf(] for publicntion on the Hopi i-'mher 19S7) 


)]y hitorf'Fjffnfr paper on the deferinfnot jon of ealdn’m reqnir©» 
r. T, Ljdtc'h, pvj1*5‘gliof1 m the Kt/trifirm Ah<itracffi and Retnewa 
tlio ai! I ?!nr has applird a lunv method to metnholism date, 
cl 407 Rnldpcts info je:ronps of ■noprativo and po:n’tivo balances, 
Tcnce f'cltvoen intake and ontpnt of onloinm. Out of 407 
nca'afivo and 80 were poaitms Two h’near relations, ono with 
lie nthrr with the positive ]>alanee fleures were ohtam{‘d from 
lanec recpiiremenf of calcium 'was est'matod, 

< no jupfifi cation boa been priven for dividing the 407 observa- 
di’.'idunis irdo two ffroupings except on balance’ basis which is 
\M‘paticn of the present paper, Assiinn'ritr then the data to 
sindile to pool all the data together, nctdccting the incvitahle 
from mdiv'dual to individua,! and obfa'n one stra'pht line (i.p,. 
cst inude the maintenance requirement. Tn dctcrniinmg the 
nutrients requmnents of Bcmeal hulincks, T have found this 
y '^fit isfactory'.* For the nppdicatron of the ahovc method, the'”’ 
pi' oofi {Nnt. Aha. and Beneirs.^ Jan. 1927) may be convertexi 


TaBL'E' a ; 

Calc’am mfaTce and cndmit in normal iromm 


Positive and negative balances 


Tutahe group 


Average intake in j Av'orage output in 
prom gram 


No, of balances 


0-05— 0-10 


* ITiipubHshed work 
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DETEKMINATION OF THE eALCIUM BEQUIEEMENT OF MAIT 

Table A---contd. 


Positive aM negativo balaaces 


Intake group 


Average ontpixt in. 
gram 


Average intake in 
■ gram 


No. of balances 


0*20— 0-25 


0- 30—0 -36 


0- 36— 0-40 


0-40— 0' 45 


0'46— 0'60 


0*50— 0*65 


0'60— 0-65 


0.65-0-70 


0' 70—0' 76 


By the application of the method of least square, we obtain a relation : 
r=0'640 X+0-187 

Where Y represents the average output in gram, and X the average intake in gram. 
The high oorrelation coefficient {r~0'L'38) indicates that the relation obtained 
between avotage output and average intake is in close agreement and that there 
is very little variation from individual to individual. 

From the above relation it is eas}’’ to obtain the true maintenance require- 
ment, by putting J—X— 0*62 gram. 

It may be added that Dr. Leitoh’s value is 0*66 gram. 

REFERENCE , 

A''<itri^ion 4-^^rad^ (pwf 1936*37, 663-678, 
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[1932] has recorded its incidence in pigs ox the Swabian Halle breed Al- 

though there are isolated records of this abnormality in other places its occurrence 
in> extenso, has been found only in the Ganjam Tract which now forms a part of 
the new Orissa Province, 

In the administration reports of the Civil Veterinary Department, Madras, 
mention is made of the prevalence of this abnormality in the Ganjam District 
and of the operations carried out. In the following paragraphs, a record is made 
of the observations of the author which came to his notice in 1936-37 when he 
was in charge of the Veterinary Hospital at Berhampur (Ganjam District). 


Observations 

In the year 1936-37, 105 cases of imperforate anus were recorded. Of these, 
thirty 'thiee were first calvings, twenty-one second, twenty-seven third, and 
twenty-four fourth calvings. The enquiry further elicited that in the case of 
cows which calved second, third or the fourth time, the preceding calves were 
normal. Thus it is obvious that most of the calves are produced in a normal 
condition and therefore the character of ‘ perforate anus ’ ax3pears to be a domi- 
nant one. 

The ryots of this tract, in cases of this abnormality, normally pierce the 
anus with a pointed red-hot iron and artificially create a faecal outlet. When 
veterinary aid is available, a surgical operation is performed. Most of the treated 
cases have been reported not to thrive w^oli, but lead a lingering existence often 
resulting in early death. There is no authentic record to show tha,t operated 
calves survive long enough to reach maturity. The po.ssibiIity of utilising 
the recessive character ‘ imjierforate anus ’ in cros.sing experiments may, therefore, 
be ruled out. 

Accurate progeny records would be of great use in analysing the mode of 
inheri ance of this interesting and widely prevalent character. It seems to the 
writer that a fair percentage of the cattle population of the tract may he tainted 
in this respect. Of the 105 cases, seventy-tw’^o were bull colves and thirty -three 
heifer calves. The higher ineiclcnco of this abnosmality in bull calves is note- 
worthy and whether this is mere'y a chance or a phenomenon of normal occur- 
renoe remains to be ascertained. 

Certain abnormalities such as congenital scrotal hernia, a small extra 
apjjendage of the skin Just above or below the anal region, absence of prepuce in 
bull calves and hermaphroditism are found to be as.sociated with some of the 
<mses having imperforate anus. 

Many ot the breeding bulls and some of the cows in the tract have also been 
noted to posssess the extra appendage of the .skin in any part of the vertebral 
region , but the writer has not observed this neax about the anal region as is found 
in some of the calves having imperforate anus. 



rMPEiiFfinvrE ani’.s in ganjam oat-vks 


It oamiot he definitoly statca^I, wliotlior the progeny of eaf (.lo having extra 
appendage of the akin in the V('rfel)ntl region alwaya exhibit greater nH-ideiiee of 
imperforate aniia and this is one of the questions, which re(pn"ms to h<‘ 
siicth 

The fact seems to be that in the opinion of the ryots, tiic* extra aitpeudage. 
of the? skin pr<^seni- in a buil enhanecjs the breeding bidi a]sp<.‘arani*e of the animal 
and the possibilily of a hirking danger in perpetuait ing this abijonnality (imper- 
forate aims) does not appear to bo realised. 


Conclusions 


It is obvious that the uliimate remedy lies in the elimination of this eharaeter 
from the Ganjani stock and the study of mheritance of this <.*lia.nu;tor is a neees- 
sary preliminary. 
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THE CONTROL OF ANIMAL DISEASES IN RELATION TO 
OVERSTOCKING AND SOIL EROSION 


H.E.HOENBY 

Director of Veterimry Services, Tanganyika Territory 

{EepriEted from the Empire Journal of Experimental AgrkuUure, Vol. V, Nc 

1937, 143.154) 


feoiL erosion has been defined as * the corrosive action of natural forces on 
the surface of the earth and a certain amount of erosion, which in most places 
is more than balanced by rock decay, is a normal process. To-day, however, 
the term generally implies an accelerated loss of soil so far above the normal that 
it constitutes a very serious loss of the natural wealth of many countries. This 
accelerated loss is almost entirely due to disturbance by man or his domestic animals 
of the vegetative cover which alone can prevent the shifting of soil by rain and wind. 

Throughout thoworld generally it is probable that injudicious cultivation, is 
by tar the most important source of soil erosion, and espt^cially wherever the rain- 
fall is both high and well distributed. Thus Sden [1 ] in his small monograph 
on soil erosion gave very little space to damage by stock, and the committee on 
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What is overstocking ? A definition which I have given elsewhere 
that ‘ Overstocking is the maintenance of animals on a piece of land to the detri- 
ment of its carrying capacity In the same article, I pointed out that such Car- 
mng capacity could he reduced without loss of soil or even of soil fertility, and that, 
therefore, soil erosion is not an inevitable sequel to overstocking. Never- 
theless it is a common sequel, and the one which nsually makes the solution, of each 
overstocking problem an urgent necessity. In every way overstocking is alto- 
gether undesirable from the European point of view ; an evil which, wherever 
found, should be removed if posaihle. The significance of the qualification ‘ Euro- 
pean point of view ’ rtill be apparent later. 

Since an avowed aim of every veterinary department is the control of animal 
diseases, particularly epizootic; diseases liable to cause widespread and heavy 
mortalily, it would appear that any progress towards the achievement of this aim 
must tend to increase stock populations, and may lead to overstocking vdth con- 
sequent overgrazing, or to an aggravation of these evils where they exist already. 
This view of disease- control is taken by many, and a common statement in local 
reports on soil erosion is to the efiect that successful veterinary measures feed 
the roots of this evil. For example, in the “Report of the Native Economic Com- 
mission, Union of South Africa f6], on page 14, we read : ‘ Measures for com bating 
animal diseases have largely increased the number of cattle. Normally this 
should have increased the capacity of the country’’ for carrying population, but 
the Natives’ non-economic cattle outlook caused it to have the opposite effect 
And the Report of the Kenya Land Cnnnnission f 7 ]. on page 494, states : ‘ At 
the beginning of this century, in the country now known as Kenya Colony, the 
calile had been suflering for the previous twenty years from a series of disastrous 
epidemics ; in numbers they were comparatively few, and the grazing was more 
than ample to supply their needs. “With the introduction of British Administra- 
tion, veterinary measures for the control of these diseases w'ere introduced, and 
by 1020 the cattle population had increased to an estimated total of 3,000,000. 
Up to that year signs of overstocking and consequent deterioration of land and 
cattle were hardly noticeable *. 

Statements such as these naturally cause a government to doubt whether 
money allocated to its veterinary department is being spent in the country’s 
best interest, and hesitancy in supporting every activity of their veterinary depart- 
ments is apparent at the headquarters of many colonial governments of the 
present day. It is necessary, therefore, that each veterinary department exa- 
mine its activities in the light of such criticisms, and ask itself if its policy of 
disease-control is compatible with a wider policy of rational stocking and soil 
preservation. Of such supreme importance to every country is its soil, that it is 
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No one* of course, ooiuienitis flu? nccjiiisition of kiiovvledgo which alone makes 
disea, ‘;e-C'OD(rol possibli* ; uJiaf is often dc-plored is the Bupposedl^? injudicious 
application of [id.s knowledge. This critical attitude mitul is ralioiiai, and 
tlie ('jialicnt^e. to Acleriiiary depart incijt,-. is a fair one whicii mo.st, be mot. 

llavinp merle this eemTai eonct'ssjrni, 1 wisli novi' to say lliat j believe the 
ehaiienue is otur which can be met fty <'verN' veterinary department, tiiough 
naturally ! am not in a, position to speak for any otiier country titan Tanganyika 
Territory. (Jn iK'bMlfof thc vetc.rinaiy dejiartment <jf that, <-onntry I rraulily' ac- 
cept the clijillrntge, aiirl as (m.-ditions there are not unique, it is probable that 
eoneiu, skats of widr; jip[ilicatir;n may be drawn from ;t earefui examination of 
tlie facts relating if> ilte one eotmtry alone, 

OversTrK'king is ju-evaicul itt Tanganyika T’orritory. The area that is stockerJ 
to saliiraiion is nhr'ut 40, bob srptarr' mile.s, and jirobably 25,000 of these are over- 
stocked, including what was some «tf tlie best land of tJie Lake, Centra], Northern 
and We, stern Provinces, Tint .subjetd has beim given nnurh attention and efforts 
to deal with the problem are being made. It may be said, tliongh, that these 
effoiis amount to no more than a beginning of wliat requires t.o be done if the evil 
is to be removed. In this connexion the recent, annual re}Jort.s of the .Department 
of Veterinary Seienoe and, Aninud Husbandry sh<.ui]ii be consulted, particularly 
the one for 1931, in which Staples deals at length with the problem as it occurs 
in the inq>ortant IJsiikunia di.strict of the Lake .pTOvinee [ K ), 

As more than 9.5 per c'lait of the stiick of T’anganyika Territory is owned by 
natives, the jirobkun of overstocking in this country may be considered as though 
it <‘onceriied uatiAO-owned stock alone. 

It i,s important to note that over.st.oekiug is not a new thing in Tanganyika 
Territory, It is proladdy its old ns anirnn! hnslKUidry it.stTf; oertninly it was ob- 
siTM'd by k^tanley when he jiassefi tlnough Lsukuma in He^iteinher 1889. In 
his In harh:d Af/ir-u | 9 j i)e nrot-- : ' From our wo could ,see the ancient 

bed ufthe. jjake wjireadiug out ior a disiance of many miles. Fvery half-mile or 
.so there whs a large du, st or of harnk't,--. each .separated from tiic otlior by hedgoH 
of milk weed. TTie plain sejnjrating these clu.sterH was common past.ure ground, 
aufl had bcf'u (-rojjpcfl by Imugry herd.-! a,s low a.s .si one moss'. On p. 402 he 
wrote : ' Tlu. gra.ss was bo siairi thiO the cattle wore fta’ding iqton the roots to 
ofkain subsi!3tencc 

To some people ilivsc paragrafilm indicate that oA’or, stocking in Usukuma 
wa-s as bad fifty \'ears age a.s it is now. and tlierefore, as things, are not getting worse, 
there is no need for tvorry. TTiat this as-sumption is noi justified tvill be shown 
later; what docs emerge from all the evkkmee at our disposal i,s the ooiielusion 
that overstocking on a Hinallcr .Bi'ale existed before the days of Eitroyiean inter- 
vention. 
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large the evil is at present may be gauged by the statement given above 
that 25,000 square miles are overstocked. ‘ It has been calculated that this area 
is still capable of carrying satisfactorily upwards of two million cattle together 
with the same number of sheep and goats, and actually it is being ask(id at present 
to sustain half as many more. Considering the catlle alone, this mee.ns that some 
1,200,000 cows and heifers drop (>00,000 calves t'very year on to laiid of wdiich 
the carrying capacity is diininislimg so that these births must be balanced By at 
least the same number of deaths from slaughter, disease, and starvation. By 
the most generous estimate 150,000 is the maximum slaughtered or sold for 
slaughter, and we cannot avoid the coiiclusion that an a\'eragc ol’ at least 200 ,000 
die each year directly or indirectly Irom starvation. And meanwhile much of 
the land is steadily or, in places, rapidly, deteriorating’ [5]. 

The primary cause of overstocking is the ordinary desire for wealth acting in 
•ommunities where wealth is reckoned principally in terms of stock. Subsidiary 
causes axe indifference to the future, and ignorance as to the best ways of aeMey- 
ing the desired wealth. The result is the acquisition by eacli individual owner of 
as many animals as possible with little regard to their quality, less regard to their 
standard of nourishmont, and no regard to the way they deplete the soil. Such 
a state of affairs in a European commimity would be reprehensible ; in an. almost 
savage community it is not blameworthy but merely deplorable. 

One should not deal with the subject of native-owned stock without bearing 
in mind that, at present, to many natives no form of wealth can replace stock. To 
quote from Seligman’s Races of Africa [ 10 ] : ‘ It is impossible to exaggerate tlie 
importance of their cattle to tho Masai and kindred tribes ; not only must their 
practical function bo considered, but also their ceremonial valuo, indeed the 
prominence that gras.s has in ritual among those tribes is due to the fact that 
it is the food of their beloved animals. 

‘ Among the Suk, and this may be true of tlio otiier tiibes, cattle are so im- 
portant that if an adjective stands by itself the noun it qualifies is always under- 
stood to be “ cow ”. Again, in Suk even the .skin of an ox has a dilforeht word 
to the skin of any other animal, and tlie verb to drink, if the fluid he milk, is differ- 
ent from the word meaning to drink aiiy other liquid, while an ordinary gourd 
has a name different from that of one used to collect milk Again, oti ]>. 175. 
Seligman says : ‘ Among tho Dinka there is a well defined initiation ceremony at 
which the father of the young man presents his son with a bull, and it is no 
exaggeration to say that the youth attaches himself so strongly to this animal that 
the process oalled by psychologists “ identification ” takes place ; he will pass 
hoirrs singing to and playing with his bull, he will be known to his associates by 
the name of his bull, and tho death of the latter is a true bereavement. Tt is not 
thou surprising that cattle are not killed for meat except on ceremonial occasions, 
the diet of the Hilotes being mainly milk and grain 
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animals oonio liomo ro])lofce aft, or ft, warm, dry day amidst abimdane© of nutritions 
if wiltftd, grass. For it sfiould ho noted that little more thou n month’s drought 
in the growdrig-soason m.'jy destroy the whole of a grain crctp .'ukI yet do no perma- 
nent injury to gmasland — it may de.stroy or prevent the m^ding of many annual 
grasses, but that i.s unimportant if the perennials survive, as through tlwne tb& 
pasture is raplonishod by rain coming too late to resuscitate the fields of maize 
and millet. 

This fipparent digression was necessary as it is not uncommon for a European 
wJio sees the desolation 6ff(3Cted by soil erosion f,o forget the very real value of 
native-ow'ned stock, and to think of them only as a post w'hich is destroying the 
land. The right, conception is tlnit although it is desirable for natives to ]JOs«e,s- 
stock, .since tliose are a <!ontinual source of nourisimient and cltifhing, ami are an 
economic stand by if tlie gniin crops fail, yet, it is deplorable that ignorance and 
mdifToroncc should Ik* jwnniitf'd to turn ;! huf<lable industry into fin economio 
disaster. f>n(' f<trm hi which this (gnoi'ancf* is I'rarticuiarly manifest is the native’e 
appfU’cnt inability to realize ihfit iiis present mefhitds iiof only mfike bad provi-' 
.sion for the future but ore oj'iKiscd even to luf. pr^ssi-nt inlcrest.H, Jt is useless 
to point out t<j In’tn, that greater v<idth re.snlls from maintenance of a smaller 
number <tf ammaJs in good condition rdi the year round than a larger munlAer in 
a state of semi-starvation. Tin* truth of this gcatcral Rtatcment is unaffected 
by the consideration that most grazing i.^ conmuinrd aiifl therefore the mdividnal 
would not hmefit by a reKtriction wldch wa.s jwi applied to all ; and just as true 
is the statoniont that the aviuKtgt native eannoi gras]) the fjjct that this over- 
stoekiug is reducing the grazing ye:ir by ytsir, so lliat the total weight, of btock 
which can be carried by any piree of grouml must also become less and less. 
He thus neglects both liic owm mtorests and tho.se of pestcritA'. 

Wo e n now" gel an idea of the task which eoutVonts any veterinary depart- 
ment when it is appointed to improve the stock industry of fi country containing 
many native cattle. On the one hand there must tve rt'oognition of the fact that 



every native who wishes to possess stock is entitlod to attempt to do so, also that 
the special importance which pastorid tribes attach to cattle must be respected : 
on the other hand, Iherc is the realization that the natives’ present methods ot 
asserting their rights and privileges are prejudicial, to general welfare. 

A first task of such a depattment sliould he a survey oi the distribution ot stoolc. 
When this was chme in Tanganyika Territory, a very unsatisfactory state of affairs 
was revealed. 

No loss than two-thirds of the Territory wore found to bo tsetso-infosted and 
therefore free from cattle, and carrying only a s])arso po{)ulation of smaller stock. 
Two-ninths, although tsetse- free, carried a sparse animal population insufficient 
for the ordinary needs of the natives of the same areas : and the rera,ainiiig one- 
ninth was stocked to saturation. 

The next step was to explain this distribution. The reason why the large 
tsetse-infested area is nearly free from stock is obvious but the explanation of the 
distribution of domestic animals on the fly-free areas was obtained only after some 
years of study, and is briefly as folloTVS : 

The two-ninths of understocked country are for the most part high-lands with 
granitic soils and a rainfall exceeding 30 in. Possibly the climax vegetation of 
such country is evergreen forest, but frequently recurrent fires now permit only 
a sub-climax of grassland or open deciduous savannah. The soils, too are leached 
and iateritic. The tall pyrophytic grasses which grow under these conditions 
furnish very great quantities of potential cattle-food so long as they are immature ; 
after maturity they lose almost all nutritive value, so that animals which are. fat 
at the end of the rainy .season lose condition rapidly throughout the cold dry 
months which follow. The same conditions of close grass-formation and compara- 
tively cool moist climate are very favourable to the extra -host existence of ticks 
and parasitic worms, so that iiok-borne diseases, notably East Coast Fever of 
cattle, and Imlminthiases, notably di.stomiasia of cattle and strongyloses of ahoop 
and goats, are enzootic. Skin di.seases, such as streptothricosis and follicular 
mange, affoct'ng all classes of stock, are also prevalent. The net result is heavy 
disease infestation in a low nutritional environment : a state of affains leading 
inevitably to small flocks and herds composed of individuals which are heavily 
parasitized, frequently stunted, and of low fertility. There is usually a high mor- 
tality among young stock, and those which survive do so virtue of acquired 
immunity to enzootic diseases imposed on an inherited high rosi.stanco to these 
diseases, Few imported animals can survive in such a locality unless they’- come 
from somewhat similar environment elsewhere. A somewhat surprising revela- 
tion i-s that although the cattle of these areas show such high resistance to local 
diseases, they offer little resistance to any unusual epizootic W'hich may arise ; 
for example, an uncontrolled outbreak of rinderpest is usually disastrous in its 
consequences j and may completely exterminate a local cattle population. 


i 
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of the animals in (bo* untlorstnckod hi^Uimd amas are entirely 
true eauses why their nU,A do so Iwlly, and they are ..xtremclj 
nt any advice as to ma.m«omeiil. which may to ..ih-rod l.y u veten- 
irouKhmit the whole of this iy p" »<’ «»”’*'•>’ tl'X^ « «" established 
,w stoek-concotdratione whicii, when upset and rcn.ljiistwl, telKis 
to lower thim to hijrlier conamfraliims. In other worcls. stock 
some of those areas, imd the already large pioporiioli ol the 
is without eait.lo teiida to hoeeme yet tnrg.r. 

one-ninth part of the Territory that is stocked to saturation car- 
I indicative of arid or sub-arid conditif>nH, 8omo of it is naturally 
risoH open grass laud, dry savannalu de(‘iduous tluckot, and culti- 
1 this kind of country surfacc-wator is scarf-o, and stock popuk- 
d to the numliors wludi can find a hare livcldiond wdlun la or 16 
for to this great distance' from water do stock gruEo in the dry 
e every second or even third day. ■ of the land that is now 

. Hr Ltw Loon reduced to this condbion hy the corro- 
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The explanation of the healthiness is to 1 
the most deva ' ' ' ‘ 

pa,ss part of their existenee , 

include piroplasms and riekettsia, which are 
transmitted lir tsetse and nematodes. Of 
lea-ve their hosts for mouitiiig and egg-Iavinii. 

hosts only for ])rief minutes of feedim 
eritiea] stages of their larval life 
unfavourable to these dise; 
sim ; conditions which 

explained why the ] ; 

frequently extremely unhealthy 
by measures which fav 
of good rainfall. 


fluting stook-cliseases of these parts. They ™lurto twrastos^Xeh 

from their mammaliaii host. Such parasites 

transmitted by tickSj trypanosomes, 
•itters, ticks geperallv ‘ 
are attached to their 
Most parasitic nematodes, too, pass 
on the ground. The conditions which are most 
ase agents are furnished by bare land exposed to the hot 
in Atnea, are always associated with aridity This is 
parts of the Territory whirl, are agricnlt«ra.lly the richest are 
or stock, but may be made comparatively liealthv 
-our erosion and bring about soil aridity even in th J presence 


inc li gets more and more arid from such 

frwer 

. tigated, but already there is evidence to indicate thai 
nouns ment associated with overstocking tends, through si 
to produce a dwarf race of full fertility, but low size-notent 
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The real proltiem of overstocking in relation to soil erosion is fnrnislie-cl by the 
agriculturalists who are also stock -owners » such as the Wasiikuniu, to whom re- 
ference has been made. Tiiese settled in the areas of greater soil fertiliiy arul 
originally, no doubt, lost a gfsod many stock from enxooiic diseases. Ah the direct 
result of their erosivt* methodic of a.grieulture and animal husbandry they rendered 
t.hese areas l(i.ss fertih' but heuIihiVr for stock, whieli cons(‘quc;ntly incTeanfai fv, 
and arc now maintained at, saturation jvnnt. 

This type of abused couinry is coimnonJy fciKnvn as culiindiot/ sirjipe., and it 
exists in patches of varying size in every province. It is fis.socjatc(,l a dense 
concentration of both natives and stock and with eompamtivciy good water-sup- 
plio.s. Its measure is largely the iiieasUre of the badly erocied lioifl of the Territory. 
Not only are condit ions ndthin areas of this type getting woi>:c, but' tlio areas tliem- 
selve.s are spreading, like ulcers, wherever surface water perinitK their peripheries 
to he extended to meet tiie growing new! of an increasing population drhaai out- 
ward, s from eentres of mined fertility. 

This analysis of stoek-distributiou seems to indicate e!i*arly that niiaided 
native hn.sbatidry t<M‘ids to create the two extremes of under-and over-sfnekittg. 
Prior to t.he European hivasuai of Tanganyika- Territory theia* werv large areas 
of overstoeked land, and enormously larger areas of eatlie-tVcM' coimlry. Hinet' 
the arrival of KurJtpeans .sfune formerly cattle-free country has hcisaiie stocked, 
but there h.as Ixaui no f!eer<‘as(‘ of ownsfoeking ; rather lias iljis <-\ il ('onHuiCTahly 
mc;r(‘aHcd. 

.As ihe v<“i(-rii'iary thipaniuetit :.s t.he branch of govern mtuji v, hieh ha.s most 
to do with tlie interests of the slrtck-ownor, and since on our o\tn fhuling ihese 
intere.sis have in .some resjuaits deteriorated thrmigh irKueased (ncr-stdekifig. it tV. 
natural that- th«' depart nuait should be considered as ijs some ivscr.sure n-sfionsibie 
for the deterioration. 'I'his is a reasonable view which <loeH no| . honever. instify 
the conclusion that disease-ecjiurul is the main ea-use of aeceierated ovfT.siia-kinn'. 


The most important disease.s of stock in Tanganyika 'I’errilnry arc rinderpest, 
contagiou.s bovine {ik/uro-pneunuaiia. East ('.hast Fever, t r;v{t;(nos(!mi}(s<-,‘<, an- 
thrax, contagious <-aprinc ])lom'o-pnenjnoiUH, diseases due to worm.s, and .skin 
disea-seB. d'ltere arc aljcmt live million cattle and about Ihe sanu- untnlier of nhec}) 
and goats, beside, s donkeys, pigs, dogs, poultry, etc. At the en<l of iPH-l there 
were only fourteen veterinary otficeriS in the department, iiudnding (he Director 
and two research officers. Owing to furlough and sickTiCss. tluac are never more 
than three quarters of this staff on duty at one Dine ; that i.s nevea- nuae than ten 
veterinaritwas to deal with th<' diseases of ten million .stt»ck, Tlwn would be 
mther wonderful men if by their methods of di8ease-(if>ntroI they were abk‘ to 
cause overstocking- 



Jt is true tliat the first of tlie veterinary departmenij is rue appucapion oi 
raeasijrcs ot disease-coiitror to the extent that these are justified ecGnomioally, 
1 consiiler that an efibrt shoiM fe made to suppress completely both 
and pleiiro^piieumonia, and that statf, knowledge, and funds should be available 
to allow any other disease to be controlled locally at any time this becomes eco- 
nomically desirablev 

/ the disease- control measures or the department have perforce 
struggle to keep rinderpest and contagious bovine pleuro-pneu- 
I deal with the other diseases when outbreaks assumed 
The only significant way in which these attempts 

• ' ' ’ - 'u with rinderpest, so for the pur- 

substitute the term rinderpest-control for the wider 

ejffect which such control 


ilut up to now 
been confined to a i 
monia within hounds, and to 
excessive local importance. 

have in [luenced mortality returns is in connexion 
pose of this article we can - 

term of disease- control, and consider very briefly any 
has had on overstocking. 

Hinder pest is a contagious disease capable of infecting most species of rumi- 
nants and a lew non-ruminants. In East Africa it aiiects particularly cattle and, 
among game animals, bufialo, eland, gii’affe, kudu and wait-hog. 

Within liistoric times the disease made its first appearance in Africa south 
of Egypt about 1889, when infected cattle were brought across the Red Sea from 
Asia, Once introduced it spread rapidly in the form of the greatest epizootic on 
record. As it swept through Somaliland (1889), Masailand (1890), Nyasaland 
(1893,) Rhodesia (1890), Trajisvaal (1896), and Cape Colony (1897), it almost ex- 
terminated the cattle and buffaloes in its path. Other game animals also suffered 
heavily. 

So thorough was the destruction, that the epizootic soon died down for 
want of further largo groups of animals to infect, and energetic measures by 
the govommeuts of all the countries of South Africa succeeded in stamping out the 
embers. Thus by about 1965, the disease was completely suppressed in all coun- 
tries south of what is now' Tanganyika Territory (then German East Mrica), nor, 
except for a brief incursion into IMorthern Rhodesia in 1919, has it been allow'od 
to spread south again since. It is one of the main duties of the veterinary depart- 
ment of Tanganyika Territory so to control rinderpest within its boimderies that, 
there is no danger of the disease spreading to its southern neighbours. Total 
suppression is aimed at but is unachievable wdth a small staff, and each aiinual 
report of the department records the number of outbreaks dealt with and the 
number of cattle inoculated. In 1934, there were 44 outbreaks and 130,000 
cattle were inoculated. 

It must be borne in mind that one attack of rinderpest confers almost lifelong 
immunity, and, for reasons wbiob need not bd discussed here, the form in which 
the disease occurs to-day in East. Africa is much milder than the luging epizootic 
which worked such luivoc ill the final decade of Iasi century.' It is necessary only 
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to describe what occurs to-day in that part of Tanganyika Tenitoiy whore the 
disease is hardly inierfered with by the veterinary department. This part is the 
k-rge an<l important cattle district of Musoma, lying east (jf Lake Victoria. Here 
the disease is always smouldering and sometimes tlariisg up into outbreaks of 
considerable size. In the herds where rinderpest k actually active, every suBcep- 
tible boast, that is every; beast ' which is not immune from a previous attack, may 
become infected. ..Some of '..these: die, .anri .sora©..: recover, and the disease passes 
on to other herds, to return again after a peiiodmf anything. between. 'On©.: and ten 
years, usually, after four .'.or'five'yeajra. 

The most important asj)e.ot . of thfe nneontroUed rinderpest is the. .mortaEty. 
.Whereas the.original epizootic on its. way through Africa, killed about S0,|)er,,eant 
of the ,cattle attacked, to-day. in M.u,soma it kills,' . a mere ^ ,6 to 40 per cent, depend- 
ing on many factors. This means that when rinderpest is uncontrolled in a district 
like MuHoma, every beast is Hkely to get it sooner or later, with an expected mor- 
tality of 20 per cent. 

The normal composition of a Musoma herd of 100 head is 40 cows and 10 
adult males, all of which may be immune to rinderpest, and 50 young stock of 
both sexes, wbieb may be susceptible to the disease. If rinderpest comes along, 
these 60 become infected and 10 may die. But the 40 cows are capable of rearing 
20 calves in a year, bo that in the absence of mortality from any other cause the 
herd could increase even during the year of infection. ^ 

Musoma district adjoins Usukwraa and resembles il; in man}’ ways. Many 
parts of Usukuma are stocked to saturation, which means that no further itierease 
in nnm]>er8 can take place-— if the herd of JIM) Is ni)t kept down to 100 by disease 
and slaugider, starvation will eiieet the adjustment. But w'hureajs rinderpcHt 
takes toll of young vigorous ani/ijals, starvation destroys only the weak and aged. 
Both methods of cullijig are oruei and deplorable, but starvation does the job 
better. 

Having demonstrated that rinder])est -control has no effect on o%’erstocking, 
I must add that the main reasons whj’' such control is attempted in most over- 
stocked areas is not fur tlie local effects, bnt to prevent the disease spreading from 
these areas, both to other countries and to the uiidor.stock(.d parts of the same 
Territory. In these understocked ]>art.s the cattle are so debilitated by enzootic 
diseases (otde sn-pra) that an outbreak of rmderpest may almost exterminate the 
susceptible animals. Thus a policy of lausez-faire wdth regard to rinderpest 
merely encourages the inevitable trend of native animal husbandry towards its 
two extremes of overstocking and complete absence of stock. 

I do not say that disease-control never causes or increases overstocking. What 
I do say most emphatically is that in Tanganyika Territory it docs little or nothing 
tow’ards accentuating the bad conditions in the already overstocked area.s. In 
this Territory, and doubtless in many others, the desidoratum of disease-control 
is 'not being purchased with the indispensable soil. 
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Pax Europa is the main reason why owstooking has increased so in 
East Africa during recent years. Before the settlement of Europeans the history 
of much of Africa was ‘ a tangled skein of secessions, wars, migrations, and exter- 
minations ’ amid which even the strongest tribes had little chance to accumulate 
stock unmolested for long periods. To-day the weakest tribes tend their animals 
without fear. Coincident with the first decades of this era of peace was natural 
recovery of stock populations from the eifects of the greatest epizootic of cattle 
in history. 

SUMMAEY 

Soil erosion is due to the disturbance by man or his domestic animals of the 
vegetative cover which alone can prevent the shifting of soil by rain and wind. 

In many countries with a long annual dry season, overstocking is an import- 
ant cause of erosion. - 

Since adequate disease, control tends to increase stock populations, many 
people have suggested that these measures favour overstocking. 

These suggestions naturally raise a doubt concerning the economic value of 
some phases of veterinary activity in countries where overstocking is rife and con- 
vey a challenge to all veterinary departments. 

hat P^ptw for an individual to reply to this general ohaUenge, 

but the author uses it as a basis for a review of the situation in XanganyiU Tori- 
ory where ovOTstocking has been prevalent from time immemorial. 

The prin^ cause of overstocking in Tanganyika Territory is the ordinary 
desire for wealth acting in communities where wealth is reckoned in terms of stock 
Md where cattle ^ held in almost religions esteem. Subsidiary causes are 

Ignorance and mdrfference to the future. ^ 

A brief review of tho place which stock 
and the conclusion drawn that it is desirabl 
plorabie that ignorance and indifference shn 


XU nacive agnemture IS given, 
fives to possess stock, but de- 

permitted to turn a laudabl^^ 

of mirdtffiTu-*" “P-^wing the stock industry in the face 

any iMculties, the veterinary department of Tanganyika Territory made 

a survey of the diafribution of stock. One most interesting result wsle ^ 

but ix„ay be made comparatively healthy bv measurcR winVL -p " • i 

bring about ariffieW soil aridity UniS n!^r^i ^ 

ftetwooirtrefflesofuhteandow-stwtoglrothat tbtT^^^^^ ‘“n* 

fiTT AFbsipihfi&T ..-fku ^ tnat the latter may be considerfld 



In Tanganyika Territory the only form of eifective disease- control which can 
be carried out by a small veterinary staff is rinderpest-control, and the evidence 
is clear that this does little or nothing towards accentnating the bad conditions 
of tho overstoc'ked areas, since mortality from nnconfrc^lled rinderpest in these 
areas is less than the usual average wastage from starvation. 

In conohision it is pointed out that the reason for the increase of overstocking 
in Tanganyika Territory during recent; years is fctx Enropa, especially when this 
had effect at the time when native herds were recovering natiirally from losses 
sustained during the greatest epizootic of cattle in history. 
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BY 

ROBERT HEGNER 

Dapartment of Protozoology, Tho Johns Hophins School of Hygiene and Public Health 
(Roprinted from the Journal of ParasUologyt Vol, 23, No, 1, February 1937, jap !-12) 

It is customary for the president of this society to make his address a dis- 
cussion of some problem in which, he is particularly interested. Continuiiig this 
custom, I wish to bring to your attention one method of ati:iicking the great pro- 
blem of host-parasite specificity. The terra specificity as used by us does not refer 
to the specific identity of either host or parasite but to the specific or definit.o in- 
fection-relations existing between species of hosts and species of parasites. The 
use of the term may best be illustrated by several examples. We have found 
that in most cases each species of Giardia flagellate inhabits only one species of 
host and does not ordinarily live in other species of hosts in a state of nature. 
This we refer to as a rigid host-parasite speoificity. On the other hand, the large 
ciliate, Balantidium, coU, lives as a normal parasite in throe species of hosts, namely, 
chimpanzees, pigs and man. A condition of this sort we consider to represent 
a loose host- parasite specificity in which a Bpe<sies of parasite lives in nature 
in several species of host. Orthosesame relationships may be described from 
the standpoint of the host as follows : aime^t every species of host is inhabited 
by its own pecTiliar sj)ecies of Giardm ; whereas three Bpecies of hosts, pigs, 
chimpanzees and man, are all inhabited by the same s|>ecios of Balantidium, 

WJjy one species of host is in general inhabitoil by a grcjup of parasi(.OH that 
do not occur in other fipecie,s of hosts, or why one species of paraHite lives in one 
or only a few species of hosts instead of in others that seem equally satisfactory 
to us, are very intriguing problems. One method of determining the factors in- 
volved is to modify liosts by subjecting -them to various conditions and to note 
the reactions of their natural parasites or of foreign parasites introduced into 
them. During the past fifteen years my colleagues, studente and myself have car- 
ried on various investigations that throw light on these problems. Our investi- 
gations have included the use of modifications of a purely laboratory type as 
well as alterations that might more or less easily occur in nature. The latter 
are of particular interest because we wish especially to know what factors ac- 
count for the host-pa, msite specificity observed under natural conditions. 

’^'Address of the Itotiring President, American Society of ParasitologifitK, December 29, 
1936, Atlantic City, New Jersey. Those who took part in the im-esti gal ions on which thie 
discussion is based are as follows ; Justin Androwa, G. H. Boyd, L. R. Cleveland, M. S. Mac- 
Dougall, Lydia Fskridge, Arnoldo G abald on , Robert Hegner,B. C. Nelson, H, L. RatcMo, 
Eugene Schumaker, K. S. Shah, L. G. Taliaferro, and W. 3. Taliaferro. 
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Most of the protozoa of higher animals may conveniently be separated into 
two groups, those that live in the digestive tract and those that live in the blood 
stream. The intestinal protozoa are most easily influenced by modifying the diet 
of the host and hence we have devoted a large part of onr effort to this phase of 
the problem. Blood -inhabiting protozoa may also be influenced by changes in 
the diet of the host, since the blood carries the products of digestion to the tissues. 
Temperature, humidity, and muscular activity also may alter the condition of the 
host sufficiently to bring about visible reactions of the parasites. Drugs and 
sera of various sorts have been employed to change the course of infections, 
to eliminate parasites from the host or to vary the medium within the intestine 
or blood stream, but these agents could not conceivably o]Derate in nature and 
our results along these lines are therefore omitted here. 

With these few remarks as an introduction, I will now proceed to present 
a running account of our studies. 

Our attention was first attracted to this subject while studying the intestinal 
protozoa of amphibians. Ciliates of the genus Opalina are commonly present 
in the intestine of tadpoles of various species of frogs. They persist in the adults 
of certain species of frog.s but disappear in the green frog when the tadpoles of this 
species undergo metamorphosis and do not ordinarily occur in the adult green frog. 
Metcalfe suggested that perhaps the change from the vegetable food of the tadpole 
to the animal food of the adult might account for the loss of the opalinids. This 
explanation, is not satisfactory since other species of frogs that retain their 
opalinids after metamorphosis also live on animal food as adults. So far as I 
know no one has yet explained why the adult green frog differs from other species 
of frogs with respect to the opalinid ciliates. 

For several reasons the rat is more favourable than the frog for the experi- 
mental study of intestinal protozoa. We therefore transferred our attention to 
the rat and soon found that it was possible to modify this animal so as to influ- 
ence profoundly its protozoan parasites. We noted first that certain rats that had 
been used by Dr. E. V. McCollum for dietary studies were free from trichomonad 
flagellates which are usually very abundant in the caecum. Inquiry revealed 
the fact that these ra,ts had been fed throughout their lives on a diet high in animal 
protein. This led to experiments which gave what appeared to be conclusive 
results, since trichomonads disappeared from, or became much less numerous 
in, rats that wei'e fed on such a diet instead of what we call a normal diet consisting 
largely of carbohydrates. 

Then it occurred to us that the intestinal protozoa we were supplying our 
students Tor laboratory study came principally from herbivorous animals, and a 
review of the literature soon, revealed the fact that very few intestinal protozoa 
have been recorded from carnivorous animals. The evidence thus seemed quite 
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convincing tliat for some reason a diet high in animal protein brings about a con- 
dition in the intestine that is unfavourable fo: the growth and reproduction of in- 
testihai protozoa. This appeared to be true particularly of trichomoiiad ilugei- 
lates which we studied more thoroughly than we did any other type. 

The animal proteins that we used in our early experiments wore eoniaitied 
in beefsteak. We next undertook to deterjnine whether other animal p)rotoins 
would have a similar effect, fiats wore fed on diets containing 60 per cent of pro- 
tein. The protein fed to one group of rats was deriveii from beefsteak, to 
a second from beef liver and to a third from, casein. The results were quite striking. 
After 20 days rats fed only 20 per cent protein contained on the average about 
10,000 trichomonads per cubic millimeter of eaecal material, whereas rats fed on 
the beefsteak diet gave a count of only 1,000, those fed on the beef liver diet con- 
tained 28,000, but those fed on the casein diet only 260. It seemed quite evident 
from these results that different types of protein brought about conditions within 
the intestine of the host sufficiently different to affect drastically the welfare of 
the trichomonads. 

Just recently we had an opportunity to try out a diet high in vegetable protein. 
Groups of infected rats were fed on a normal diet, on a diet high in anijnal protein 
and on a diet high in vegetable protein, respeetively. The animal protein diet 
contained 70 per cent of casein and the vegetable protein diet containotl 77 per 
cent of wheat gluten. The average number of trichomonads per cubic millimeter 
of caecal contents was 8,270 in rats fed on a normal diet, 200 in rats fed on animal 
protein and 1,137 in rats fed on vegetable protein. Apparently the caccal contents 
arc adversely affected by the vegetable protein but not as unfavourably as by the 
animal protein. ^ 

Two factors occurred to us that might account for the situation revealed 
by these experiments : first, changes in the hydrogen-ion concentration of the 
intestinal contents, and second, changes in the relative number of different types 
of bacteria. A preliminary examination of control and experimental animals 
indicated that no differences in h3^drogen-jon concentration wore pr sent that 
seemed great enough to account for the results noted. Later a move careful 
study was made. The hydrogen-ion concentration of the ca-ecal contents 
of rats fed on a normal diet was on the average about 6 '78, of those fed on a. diet 
of beefsteak about 6*82, of those fed on a diet of beef liver about 6*42, and 
of those fed on a diet of casein about 7 * 12, Considering the wide range in. the 
hydrogen-ion concentration of culture media in which trichomonads live suc- 
cessfully, it appears probable that this condition played a relatively minor role 
in the environmental faotom responsible for the growth and multiplication of 
these jffagellates. 

Various investigatom have deraonstmtefd that profound changes occur in 
the bacterial fliora of the rat’s intestine when its diet is olianged from one consisting 
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largely of carboliydrates to one high in animal protein. We vrere of the opinion 
firom the very beginning that the effects on the trichoinonads were due either 
to changes in the types of bacteria resulting from tlio ingestion of large amounts 
of protein or to changes in the products of bacterial activity or to both these fac- 
tors. An extensive series of experiments seemed to indicate a definite relation 
between types of bacteria and numbers of trichomonads. The character of the 
results is indicated in the accompanying table. It will be noted that when rats 
were fed On either beef or casein the number of trichomonads decreased markedly 
in numbers, proteolytio anaerobes increased in numbers, fermentative anaerobes 
increased in numbers coli-aerogenes forms exhibited no definite trend and acid- 
nrios decreased in number. 


Av. no. anaerobes 


Av. no. aerobes 


Protoo. Ferment 


Acidurics 


20 per cant protein 
Steak, 10 days 
Steak, 20 days , 
20 per cent protein 
Casein, 10 days . 
Casein, 20 days . 
20 per cent protein 
Liver, 10 days 
Liver, 20 days 


On a liver diet the trichomonads increased in number, the proteolytic anae- 
robes decreased in number, the fermentative anaerobes increased in number 
the coli-aerogenes forms increased in number and the acidurios decreased 
in number. Since the proteolytic anaerobes were low in number on a 
normal diet, increased in number on the steak and casein diets and decreased 
in number on the liver diet, the conclusion seemed justified tliat these bacteria 
were responsible for rendering the intestinal contents unfavourable for the 
trichomonads. There was a decrease in the number of acidurios but this likewise 
occurred when the favourable liver diet was fed to the rats. 

The data then available indicated that on any diet th© number of trichomonads 
varied inversely with the number of proteolytic anaerobes present. 

Sometimes a condition that is unfavourable for one species of protozoon 
may not have any obvious effect on other species of the same genus. This led 
us to test the effects of a high protein diet on the human trichomonad, 
T. homiftis, in rats. Our discovery that rat trichomonads can easily be 
eiiminated by oarbarsone treatment gave us trichomonad-free rata to work 
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on a diet MgE in animal protein 5 of 10 rats became triohomoiiad-froe, and in 
2 otlws tb© tricbomonads were too fow to detect in smears but appeared in cul- 
tures. Only one of tbe control rats fed on a normal diet lost its trichomonads 
during tb© experimental period of 36 days. Tbese data indicate that when rats 
infected with y. /iommw are fed on a diet high in animal protein, the iatestmal 
oontents heoome unfaTourable for them just as they do for rat trichomonads. 

Surveys that are Undertaken to determine the incidence of T. hominis in )ui- 
man, populations are usually unrehable. . Ordinarily many infections are missed 
for reasons I need not discuss at present. Occasionally an infection is noted that 
is accompanied by a diarrhoeio condition. A meat diet has been suggested for 
the treatment of such cases and a number of instances have been brought to my 
attention in which the results were very satisfactory both the diarrhoeio contiition 
and the flagdlates disappearing within a very few days. Tliis suggests that a diet 
high in protein renders the intestinal contents of man unfavourable for T. hominis 
just as it does in rats. 

I wish now to direct your attention to another method of attacking this 
problem using another species of intestinal protozoon. For the most part investi- 
gators have devoted their time and efforts to attempts to eradicate parasitic or- 
ganisms, and comparatively few have endeayoured to improve the environment 
in the host in favour of the parasite. No one knows what factors prevent a certain 
species of parasite from living in a given species of host, but it might he possible 
to modify the host in some very simple way that might even occur in nature so 
as to render it susceptible to mfoction.^^^^ W tried to modify rat 

hosts so that they can he infe{ded with balantidial ciliates to which they are ordi- 
narily resistant in nature. Our procedure was basetl on the re.sults obtained 
in our trichomonad studies. We fed rats on diets either high in carbohydrates 
or high in proteins. Balantidia obtained directly from the intestine of pigs, or 
grown in culture or taken from experimentally infected rats were inoculated 
into rats either intragastrically or intracecally. Eighteen rats fed on a diet con- 
sisting of 70 per cent casein failed to become infected. Balantidia were later 
eliminated within 8 days from 12 rats that liad been exjrerimentaliy infected, by 
feeding them on a diet high in casein. Of 49 rats fed on a diet containing 60 per 
cent carbohydrates and 15 per cent casein, 47 baoame positive and retain€^d the 
infection for from 1 to 33 days. • Wlien the carbohydrates were increased to 85 
per cent and the casein reduced to 6 per cent, 27 of 52 rats became infected and 
remained infected for from 3 to, 44 daj’^s. A diet of 93*5 per cent <'arbohydrates, 
however, proved to be the most effective, since 89 of 101 rats became infected when 
this ration was used and the balantidia were retained up to 154 days. Furtbor- 
more, when rats infected on a 60 per cent or 86 i)er cent carbohydrate diet were 
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coileeted 100 faecal samples from natives in Guatemala, examined them when fresh 
so as to record the different species present and the relative numbera of e^ach 
species, and preserved a sufficient quantity of each specimen with wffiich to deter- 
mine the starcli content. A large amount of iim(‘ and effort was e.vponded before 
we were able to evaluate our results. Unfortunately our data indicate nO 
correlation whatever bet\veei\ the presence of sturoli and the numixT of S])ceiea 
and individual protozoa in the facices, and 1 am hiclinect to believe that it will not 
be easy to establish such a correlation. This nK'ajis (hat otiicr methods will have 
to be devised before w’e can hope to cxj)lain why moditk'ations of the host resulting 
from a diet high in carboliydrates favours the giwtli uiid inult.ipiication of 
certain intestinal protozoa. 


Various other methods of changing the intestinal contents of the liost have 
been tried but not enough work has been done to w'urrant discussion except perhaps 
that of increasing the viscosit}'' of the niediuni. Various substances were fed to 
rats infected 'wdth trichomona, ds ; the most sutisfactor}' were psyllium seed, agar- 
agar and gum arahic. The average number of triehomonads ptsr unit in the caecum 
of rats fed on a normal diet was 392, whereas the number per unit in rats fed 
on psylimra seed was 55, on agar-agar, 285, and on gum arabic, 7. We also 
found that the number of balantidia in rats infected with eiliatos from a ohimpamee 
was also less when a viscus condition wms set up within the intestine. Tn normal 
rats there were counted 347 balantidia pw centigram whereas in rats fed on agar- 
agar the number was 60, on linseed was 92 and on psyllium seed was 34, In no 
case w’ere all of the trichomonads or all of the balantidia eliminated but these 
protozoa evidently do not grow and multiply as w’cll when the viscosity of the 
intestinal conlents is increased by change.^ in the diet. 


Intestinal protozoa ap})ear to b(> able to -withstond temp(‘rntures below zero 
centigrade for considerable periods ol time without uf.vious damage, but Hucciimb 
quickly to high temperatures. This has led to various suggestions involving 
the iise of heat as a method of eliminating these organisms trom the liost. For 
the most part temperatures high enough to destroy cndoparasitic jmjiozria are in- 
jurious or fatal to the host, but in so.me cases the host, survives after the death of 
the parasites. For example, the intestine of the large Pacific temiife, Ttrmo<pds 
angusUcollis, is swarming with four different types of flagellates and cannot di- 
gest the wood it use.s for food without the aid of tbc.se j)roioz<ia. by subjcicting 
these termites to a temperature of 36° C. for 24 hours all of the flagellates are des- 
troyed, but the hosts are not harmed, ffhis is a temperature that might occur 
in nature and hence experiments of this t 57 ie fall within the province of this dis- 
cussion. The defaunated termites continue to oat wood, but cannot digest it 


iiey eat and live mdeflnitely 
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Temperature is not the only Victor that is capable of modifying termites so 
as to destroy the intestinal tiagelJutes living in them. Thus if a termite is starved 
for (i days it loses one typo of flagc^llato, Trichonynipha;, and if it is starved for 2 
days longer it loses a second type of liagellale Lddyopsis. Turther experiments 
with oxygen under pressure have demonstrated that the other two types of fiagel- 
lates, Trichomonas and hlrehJomastlx, can be removed by this treatment witliout 
injury to the terrait.es, but of course no such condition occurs in nature. However, 
by the use of high temjieraturcs starvation and oxygen under pressure, it has been 
shown that termites will die in about 3 weeks if all protozoa are eliminated or 
if all but St-reblomastix are removed ; that they will die in about 10 weeks if both 
Trichvmjmpha and Lddyopsis are removed ; but will live on indefimtely with any 
combination of flagellates if Lddyopsis are present or even with Lddyoijsis alone. 
Thus we have proved that the s3’m]uosis involved in this instance is between the 
termite and Lddyopsis and that the other three species are merely hitch-hikers. 

Incidentally the most perfect known method of transmission of protozoa 
from one host to another is exhibited by termite flagellates. The jmung termites 
Boon alter they hatch from the egg are fed by their parents on what is known as 
proctodeal food. This is excreta of the adults consisting of partially-digested 
cellulose and many flagellates. One hundred per cent of the young termites 
are therefore infected soon after they emerge from the egg and are thus supplied 
with a complete collection of flagellates to digest their food for them. 

Blood-inhabiting protozoa have also furnished material for experiments de- 
signed to test parasite reactions to host modifications. Today I wish to use the 
time at my disposal to discuss three methods of treating canary birds that have 
resulted in obvious changes in infections with the bird malaria parasite Plasmo- 
dium caihemerium- The first method was to modify the sugar content of the blood 
by feeding the infected birds with glucose or by treating them with insulin. The 
clues that led to our experiments came from several sources. Bass, in 1912, 
found that the addition of sugar to the culture medium was necessary to cultivate 
malaria parasites outside of the body. In 1913, Bass and Johns reported the 
cultivation of the organism of human malaria in the blood of a diabetic without 
the addition of sugar. Certain agents that have been found to be satisfactory 
as provocatives in bringing on a relapse in malaria such as opinephrin, are known 
to increase the sugar content of the blood. These facts suggested that the blood* 
stream can be improved as a culture medium for the growth and multiplication 
of malarial parasites by the addition of sugar. According to this theory, in- 
creasing the sugar content of the blood would result in an increase in the number 
of parasites. Vice versa, the blood stream should be rendered less favourable tlmm 
normal as. a liabitat for malarial organisms, by decreasing the sugar content. 
It is not uncossary lo give details (if our experiments here. In general the data 
indicate that' an inci'case ijihiigiU’ content renders the blood more favourable for 
the malaria ])arabitcs ; the number of parasites becomes greater and remains so for 


PARASITE EEACTIOHS TO HOST MODIFICATIOHS 


a period longer than normal; relappesmay occur earlier in the conrso of the infec- 
tion and more fror^uently normal ; and a larger proportion of the birds die 
as a, result of tlie infefition. When treated with insniin the parasite our%’e is lower 
tlran normal throughout the course? of tiie inf(?(-tion. So far as I know, no attempt 
has been made to modify rofraftory foreign hosts in tliis way so tluit they" may 
become more snsceptiblo, Imt it wjoniR to mo jmohaide tlmt positive n^ssilts w’ould 
follow experiments of this nature. 

Another method of modifying the host that has })oen used in the study of 
malaria is to cliango the atmospheric humidity and temjiorature. Malariologists 
have found that an incroaso in these factors favours the breeding of mosquitoes and 
the development of sporozoite.s within the mosquito, and hence is resjionsiblo, at 
least in part, for epidemics of malaria. We attempted to determine whether such 
cluangos modify the vertebrate host so a.s to (?ff(?ot the deA’olopmont of the aac^xual 
and sexual stages in the blood. For this purpose v/o used canary birds infected with 
Plasmodium caihmnerium. In one experinu?nt 12 bircls were inoculated eiich with 
50 milligrams of infected blood from a single Imst. Six were maintaiiUHl under 
normal conditions in a room where the temperature was about 70” F, and tiie 
relative humidity about 40 per cent. The other 6 w’ero kept in a special room at 
a temperature of 90° F. and a rc?lativo humidity of about 50 per cent. The course 
of the infe(3tions in these 12 birds was carefully followed. Tlie data obtained show 
that the average number of sexual and asexual parasites was higher in the experi- 
mental birds than in the controls and. that both typc.s of parasit{?s were present 
in larger nnmlxjrs in the blood for a longer period. Thus the higher temperature 
and humid.ity appeared to modify the host .so that the jjarasitoH were able to sot up 
a more sev(3re infoction extending over a lunger ])eriod. of time. 

A second experiment wevs jterformed iti which 4 l.urds were maintained as 
controls and 7 birds w'cre .subjected to uii imTcaso in tcinqieraturo and relative 
humidity a.s before. The rosult.s contirmod tlu^se of the first experinumt. 

In a third experiment tb.e temperature was increased to 10(f° F, and the re- 
lative humidity to about 90 per cent. Four experimentaJ birds and 3 controls 
were u.sed. The control binls exhibited noruial infections wherc?a.s the experi* 
mental birds suffered unusually severe infections wliich resulted in their deatlt 

Those experiments add another method of modifying a host, such as is known 
to occur in nature, wliich has a favourable influence on the parasite. 

x^lthough we have no exfierirnental data of our owui to offer at present, it 
may nob bo out of place to call attention to the important relation between tem- 
perature and the development of malaria parasites in niosquitoe.s. Low tempera- 
tures retard the growth and reproduction of the plasmodia in the.se insects, and 
when the temperature reache.s a certain degree development ceases entirely. 
The three species of Plasmodium that live in man differ in their reactions to 
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low temperatures and. hence tixe climatic teniporatnrodeterinmesinAYhat regions 
each species is capable of passing throngli the sexual cycle ■within the mosquito and 
consequently the geographical distribution of the diiTerent types of malaria. 

Ever since the intermittent nature of nuilarial ftner luis been reiognized, 
theories have boon proposed to account for this pkcnoinetion. Onlj' recently have 
definite data on this subject boon obtained as a result of experiments on birds. 

C-anorica infected with P. cathemen'um were subjected to a reversed daily cycle 
of exposure to light and darkness. In birds kept in Tuo darkness during the day 
and in the light during the night the time of sporulation changed within three days 
from the evening hours to the correspondiiig morning liours. Birds kept under 
normal conditions and inoculated with two groups of parasites, one sporiilating 
in the morning and the other in the evening, did not exhibit a iioriodicity of 12 
hours, as might be expected but of 24 hours. Thus tire regulatory mechanism 
appears to bo w'ell defined. When infected birds arc exposed to the light and dark- 
ness for alternate periods of 14 hours, the periodicity changes from 24 to 28 hours, 
and sporulation occurs mostly at the end of the ].MU>iod of darkness. 

Further studies indicate that light in itself is ml the factor that regulates 
periodicity and the time of sporulation ; but apparently the feeding habits of the 
host, wliich are determined by the light, are closely related to the reproductive 
cycle of the parasite. Just what this relation is, is still to bo discovered. It 
is interesting to note that when monkeys {Celms capvcwus) infected with P. brasi- 
Uanum w^ore subjected to light during the night and darkness during the day for 
from throe to six ■weeks, the time of sporulation ehauged so that within twm 
to three weeks sporulation reached its height just after 8 r.Tti. instead of Just 
after 8 a.m. 

Another method of changing the character of the asexual cycle of P. catJieme- 
rium in canaries has been tested. Blood from infected birds was kept at 5° C. 
for varying lengths of time and then inoerJated into frcish Hrds. As ■was to be 
expected, growth of the parasites at refrigerator tomporaturo was delaj'od, but 
when inoculated into fresh canaries the a.soxual cycle was shortened until sporula- 
tion again occurred at the normal time of the day and a periodicity of 24 hours 
was regained. It is suggested that ‘ either the asexual cy<‘le represents a gono- 
typio character of the parasites which can be toniporarily but not permanently 
changed by environmental factors, or the cycle is forced on the parasites by the 
activities of the bird or th© diurnal variations in the environment h 

These experiments, demonstrate what a remarkable reaction may be stimu- 
lated in a parasitic infection by naodifidations in the behaviour of the host. Ho'V'^- 
ever, just as in. the other experiments described here, the parasitic reaction is 
maintained only as long as th® ^timnlns is applied. For example, when infected 
birds are returned tciousto|oaiy day apd night conditions and Balantidium-miected 
rats are .returned ho low ,ia .oarhohydra»tes, the host-parasite relations re- 
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StEMMARY 

We liave att.eni])to(l io cletermitie some ctf th<^ factors iJiat arc raspcmsible 
■for host-parasite sj-jocidcity among protoxoa, tiiat is, t.he. infection, in nature of a 
certain speod's of liost hy certain sppoios of protozoan para.sitcs. Our plan has 
been to note the read ions of natural and foreign parasites to niodilieations in the 
host. In cvny ease the mtidifirmtiohs /were brought about by ehanges in the en- 
vironment of tlie ]j()st that might , easily oocnr in natOT^ 

Only a beginning has been made number of interesting reac- 

tions liave becm revealed. A carbohydrate diet reiiders the intestinal contents 
of certain species of hosts more favourable ih a n normal for some of tfie intestinal 
protozoa natural to these hosts. A high-protein diet is correspondingly UTifavmir- 
able. Of the possible factor.? that may play a role in these reanlts, changes in 
the hydrogen-ion concentrations seem of little or no iraportanee ; the character 
of the bacteria resulting from these two different kinds of diet.? may be responsible^ 
or these protozoa may actually require carbohydrate as a. footl clement. 

In one case, Balantidium eoli has been successfully oolonized in a foreign 
host, the rat. This appears to be due solely to a change in diet to one containing 
a higher percentage of carbohydrates than is normal for this type of host. How- 
ever, no cysts are known to have been formed in tlm nornudly refractory host 
hence transmission to other individuals of the same species probably does not occur. 
We cannot, thorchire, consider the rat a normal iiost (if this ciliate until wc find 
some factor ilmt vvii! stimulate the formation of cysts. 

The reactions of the ]>ird malaria parasites to tin', mo lificatious cited are of 
ancih magnit.ud<‘ ns lo ajspear quite striking. Increasing 1h(i sugar content of the 
blood favours fln^ parasite and decreasing if hriug.s ah«'u1 an unfavourable 
condition; IncrcaKing the temperature and relative humidity nf the host’s en- 
vironment also brings about modifications hivourahic t,o the pam.site.s. 

Changing the periods of light and darkness are i'ollowtcd bj- definite changes 
in the course of infection? with raidaria. organisms in canary birds but avhether 
this is due to light rays, food, the muscular activity of the bird, or to soma other 
factor is still to be determined. 

At least one result of practical application has developed out of the.sB ex- 
periment.?, that i.s, the use of a high protein diet for the elimination of certain in- 
testinal protozoa of man. Patients .suffering from digestive disturbances due to 
intestinal protozoa are not numerous but those who are so unfortunate as to Iw 
infected welcome with fervor the relief this type of treatment bring.? to them. 

In conclusion, 1 wish to emphasize the desiinbiiity of investigations elirected 
towards rCT(/(»r? 7?<7 h-ost'i more favourable as hahif ale for parasitic protozoa by modi- 
fications due to known factors. By this procedure valuable data may be obtained 
that might not appe^ir when efforts are aimed .solely at the eUminevtion of the 
organisms,. 








NEW LIGHT ON THE LIFE-CYCLE OF THE MALARIA 

PARASITE 

■ (Reprinted from the * Leading Articles ’ Section of The Lancet, No. 13, VoU 1, 

1937,764.) 

It lias long been a source of interest to the biologist and of chagrin to the 
clinician that the malaria parasite, when banished from the blood stream by 
quinine, is able somewhere to maintain its existence. That the parasiticidal effect 
of quinine has been at the same time so complete and yot so futile is one of the 
notable mysteries of clinical medicine. If it is tme that the sj)or€)Eoites injected 
by the mosquito complete their life- cycle in the cells of the circulating blood, then 
the infection should bo scotched by the ingestion of quinine sufiScient to main- 
tain a lethal concentration in the blood stream,. And yet a patient who has 
taken a gramme of quinine daily before and during infection by mosquito bites, 
and for every day throughout the incubation period, develops an attack of 
malaria precisely as if no drug had been given. The life-history of the parasite 
in the vertebral host cannot then be as obvious as all that ; for, though 
SoHAUDDSTN described the penetration of sporozoitesAnto red blood corpuscles, no 
one it seems has succeeded in repeating his observations. 

Some years ago Lieutenant-Colonel S. P. James made the suggestion^ that 
the sporozoites, when they aro injected by the mosquito, may be carried to re- 
tioulo-endothelial cells of the lungs and other organs in which they complete their 
asexual cycle of growth and 8i>orulation — process already observed in the* bird 
parasite, halteridium. Colonel Jambs has now confirmod this suggestioji for & 
malaria parasite itself— not in man, but in the domestics fowl. At a lalwratory 
meeting of the Royal Society of Tropical Medicine and Hygiene on Marcli iStli, 
he domonstrated the life-history of the Plasmodium yallinaeeum as worked out by 
Mr. P. Tatb, Ph.D., and himself at the Molteno Institute in. Cambridge. Using 
this avian strain, brought from Ceylon by Professor Brumpt of Paris, James and 
Tatb have witnessed a cycle of development occurring, not in red blood-cells, but 
in the reticulo-endothelial cells of the spleen, liver, kidneys, and pai’ticularly the 
endothelial cells lining the capillaries of the brain. In chickens which had died 
of a malarial attaede, despite the destruction by quinine of all the parasites in the 
peripheral blood, they found the capillaries of the brain blocked with masses of 
schizonts, the result being death from paralysis and coma. Those who wore able 
to study the slides submitted at the laboratory meeting were loft in no doubt 
that in avian malaria there is a sohizogenous cycle of development occurring in 
reticulo-endothelial oehs. Parallel observations have been m^wie for the blood- 
foming cells by two Chioago workers* and for the reticulo-endothelial cells by 

iW) 
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Rafpaele® in Rome. Jamb.s and Tate have observed the entry of the parasite 
into blood-forming cells, and every stage in their grovdh and multiplication until 
the merozoites burst the cell and are ready to enter other endothelial cells and 
red blood-cells, to begin the cycle anew. 

But while this is true of certain avian parasites it may not apply to those of 
man, although there is some justification for thinking that it may, if, as we believe, 
it is a fact that the three fundamental discoveries in malaria — associated with 
the names of Ross, McCallum, and Roehl — ^were made first in birds and only 
afterwards in man. If the analogy should prove true, the discovery affords no 
short cut to treatment. But any light shed on the life-history of malaria parasites 
should indicate the direction in which successful treatment lies ; for a drug which 
circulates only in the blood stream cannot effe'^tively attack extrahaemio parasites. 
In the meantime the biologist may have to revise the classification of plasmodia 
in view of their aflSnity for tissue cells. 


Proc. E. Aead. Med.yAmat. 1931, 34, 1424. 

Huff, C. G. and Bloom, W. (1936). J. Meet. Dis. 57, 316, 
Raffaele, G. (1936). Riv. MalaHol. 15, 309, 318. 



Researches mto sterility ©f cows in South Africa. The influence of (i) Dty 
rations, (ii) Lack of exercise, and (iii) Lack of sunlight on reproduction 
in beef heifers and cows. QmNLAK, J,, awl Roux, Luoiisir, {Ond. /. 
Vet. Sci. An. Hus. 6, 2, 719.) 

It has been mentioned in the literature that factors like lack of exercise, lack of 
sunlight, lack of green feed and high condition have been, associated with low fer1>ility 
in cattle but such conclusions hav© been based on circumstaatial evidence withotit 
experimental proof. The object of the work iindertaken by the authors was to collect 
and record data on the behaviour of the genital tract of twenty -seven beef (Sussox- 
Afrikandar) heifers and cows when placed in an environment enforcing the above-men- 
tioned factors, over a period of six years which included four calvings. Usually insufR- 
ciency of light and exercise are associated with unhealthy stabling and ^nta'al bad 
management, but in this experiment these associated hygienic factors could be ruled 
out. 

When a dry ration ecmsistmg of maize, wbeaten bran and tefi hay was fed for nine 
months and silage was added to the ration dtafing the remaknng three Esmths of the 
year, very satisfactory results w^ere obtained. The ratio© mduced satisfactory growth 
of young heifers and maintained mature animals in good condidos. Sexual maturity 
was reached before the age of 24 months and sexual activity and reproduction were in 
no way impaired. 

High condition, caused no ill -effects either upon general health or reproductiw 
processes but under conditions of restricted sxmlight or cxercisa, brooding was delayed 
until the high conditioned heifers were thirty-five months of age. Cow'S which 
maintained a higher condition throughout the periods of gest ation, lactation and rest 
usually produced calves which w'ore small and light in wenghfc. 

The restriction of sunlight and exercise in no way detrimentally affected the health, 
growdli and vigour of heifers and cows, being fed dry rations. The onsed of maturity 
was net delayed and it appeared, to shorten rather than to lengthen the period of inacti- 
vity between calving and the first subsequent oestrus. About 76 per cent of dioestral 
cycles fell between ei^teen and twenty-three days and the animals receiving an abund- 
ance of sunlight and exercise experienced a larger number of abnormally long dioestnis 
cycles. It appeared tlxat as the ages of the animals advanced under the spetdal environ- 
mental conditions enforced, the percentage of dioestrus cycles betw'een eighteen and 
twenty-three da 3 iB decreased and the period of inactivity appeared to shorten as the ages 
of the cows advanced between threi> and six jj^ears. The length of geetatioir period 
which in 81 per cent of the cases fell betwf>en 276 and 286 days, was not altered by 
limiting sunlight and exercise or with advanced age and there was no difference 
between the gestation periods of males or females. 

{ 337 ) 
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Unrestricted sunlight and exercise resulted in fewer semces being rec 
establish pregnancy. Failure to conceive after the first and second service Cou 
considered exceptional and that appeared to be the ease especially in young 
The number of services required to establish fertility decreased as the ages 
advanced. Unrestricted sunlight and exercise did not reflect any advantage- 
weight of calves produced. It was observed that the change of the bul 

influenced the birth-weight of the calves. 


The treatment of ascariasis in chichens. Levine, P. P. {The Cornell 
Feterwariuw 26} 2, 120-127.) 


Asoarids are the most important helminths infesting poultry. Beach and Free- 
born (1922) were the first to advocate the use of tobacco dust in the mash for the expul- 
sion of the large roundworms in chickens. They mixed tobacco dust with a nicotine 
content of IJ to 2 per cent with dry mash in the proportion of two parts per hundred 
and fed the mixture to infested birds for one to four weeks. The latter author (1923) 
removed nearly all the roimdworms from infested birds in this way, without any ill- 
effects to the treated birds. Graybill and Beach (1926), reported that the efficacy of 
the above treatment for the individual birds ranged from 40 to 100 per cent and for the 
group as a whole 76 per cent. In 1927 Beach and Freeborn observed that as the nico- 
tine content of tobacco was variable and the mash was not eaten readily by the infested 
birds, treatment with tobacco dust in most cases was not reliable. They, however, 
recommended dosing birds individually with capsules of Black Leaf 40 and Lloyd’s 
Alkaloidal Beagent. Carpenter (1926) tested the efficacy of - these capsules on 350 
birds and found it to be 96* 8 per cent efficient. He further considered it advisable to 
feed tobacco dust containing 1 * 6 per cent nicotine in proportion of two per cent of the 
mash for three weeks after giving the capsules. 


The author carried out experiments to evaluate the tobacco dust treatment for 
controlling roundworms in poultry. The dust used was a commercial product with 
nicotine content of 1 * 78 per cent by weight. He concluded that the tobacco dust fed to 
chickens continuously from the day of hatching in concentrations of 2, 4, 6, and 8 per 
coat in a dry mash did not prevent the hatching of embryonated eggs of A, Uneata and 
the invasion of tl^e intestinal mucosa by the larvae. Two per cent concentration of 
■ tobacco was not toxio for chicks, but 40 per cent of the chicks fed on 8 per cent concen- 


tration died of poisoning. He.foupd thftt immature worms are less susceptible to 
tobacco treatpxebt than adults. 
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A nicotine compound (Black Leaf Po'wdor) given in single dose removed all the 
worms from forty -five pullets infested with adult worms. However, the powder may 
not bo 100 per cent efficient under all conditions. Quarter pound powder was mixed in 
5 lbs. mash for every hundred birds. Feed was withdrawn from the birds the evening 
before iroatment. The following morning mash was given which they readily tool; . 

Tho author maintains that continuous feeding of tobacco dust in mash, to prevent 
ascarid infestation is ineffective. The feeding of the dust for four weeks to older birds 
was less effective than a single treatment with nicotine powder. [H. B. S,] 


The use of mtric acid in the serological diagnosing of cattle trypanoso- 
miasis. Jones, E.E. (Fef. i?ec. 48, 602-605.) 

Pbecipitation of excess of euglobulin produced in tiypanosomiasis has been noted, 
by this author by employing twenty different chemicals. Eight hundred and fifty- 
seven tests, baaed on the theory of precipitation of serum euglohulin excess in trypano- 
somiasis, were carried, out to demonstrate the specific nature of reaction yielded by the 
use of nitric acid. Tests were performed with the technique employed by Bennett 
and Kenny (1928 — Jour, Comp. Path dfc TJierap., 41, 341) i.e., one drop of clear scrum 
added to 1 c.c. of the reagent ; the drops being added with a Dreyer’s pipette. This 
gave an equivalent dilution of 1 : 26. Bifferent concentrations of nitric acid (I '8 per 
cent, 1 *6 per cent and 1 '3 per cent W/V HNO 3 } were used and the time reading of 
reactions was noted. Of 249 tests in which the reaction ’was allowed to pioceod to 
exactly one hour the following result was noted -With I • 8 per cent, ferty-five per cent 
of the oases gave positive reaction; with 1*6 per cent, and 1'.3 x>er cent, 21 por cent 
gave doubtful reaction ; while 34 pen* cent were negative wfith latter concentratione. 
One hundred and thirty tests were earned out in •which the reaction tfes noted imme- 
diately after 1 ' 8 per cent W /V PINOg wae added and it was observed that 61 por cent 
of the cases gave positive while 49 per cent gave negative or doubtful reaction. 

It is indicated that application of nitric acid as a serological tost is a modification of 
the xanthoprootic reaction for proteins. The precipit ate produced in mercuric chloride 
test is in the form of metaprotein, while those with nitric acid, according to the author, 
is euglobulin itself. 

It has been pointed out that the reaction is seldom given in tho early stages of infec- 
tion when trypanosomes are present in the blood — in wMch oa.se direct blood examina- 
tion suffices, but it was conclusive afterwards in chronic or “ latent ” infections when 
parasites could not be detected in the blood. It has been suggested by the author 
that further tests would have to be carried out to determine (a) the period of inf«;sction 
before the test becomes positive, and {&) the specificity, if any, of the test in relation to 
other diseases. 

Addition of 0 * 026 per cent of phenol to tho serum as a preservative did not alter 
the reaction which could still be obtained seven to eight days after the serum had been 
collected. Affected cases used by the author in his series of tests were known to be 
infected •with trypanosomes belonging to Fivoa?, Congolmse and Brued groups. 
[H.K.B.] 
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Sl^eep I* M^asareinents of the appetites of sheep on typical 

winteir nations, togethei* with a critical study of the sheep-feeding standards. 

Woodman, H, H., Evatns, E., E, aud Eden, A. {J. Agri.' 8ci. 27, 191-211.) 

In tlime sucoessiv© years, during the winter, feeding experiments were carried out 
with sheep kept out-of-doors on typical winter rations as lucerne hay, hay, rye grass- 
sainfoin hay, swedes, marrow-stem kale and potatoes supplemented with concentrates 
usually fed in farms. liSIine, five and s©\'en wethers were used in the respective years 
ranging in age from three months to two and a half years and in live-weight from 60 to 
200 lbs. During the experimental periods the live-weights as well as daily consumption 
of dry matter and starch equivalent were recorded. 


Appetites were found to differ widely with diet and individuality. Even in the 
same animal with the same ration considerable day to day fluctuations were noticed. 
Variations in appetite ranged from 69 ' 1 per cent to 108 per cent of the values predicted 
by Professor T- B. Wood. These latter were found to be uniformly too high, thus con- 
firming the resulte of Professor Watson and co-workers at Oxford. It is suggested that 
Professor Wood’s values should be multiplied throughout by the factor 0*85 to obtain 
reasonable meausures of the appetites of sheep at different live-weights. 

From the results obtained in the feeding trials it has been found that the recent 
standard of 1*26 lbs. of starch equivalent per day was more reliable than the old one 
(.^JTOsby standard) of 0*74 lb. starch equivalent per day for the maintenance require- 
ment of 100 lbs. sheep. The higher figure enabled the prediction of live-weight incre- 
rqent with much greater precision. Recent work on the energy metabolism of sheep 
have also given values in agreement with the higher figure, 

A table embodying a revision of Professor Wood’s feeding standards for sheep is 
included in the paper. [T. B, K.] 


Sheep nutrition II. Determination of the amoants of grass consumed by 
sheep on pasturage of varying quality. Woodman, H. E., Evans, R. E. and 
Eden, A, (J*. Agri- 8 ci. 27, 212-223.) 

In order to d€Pb©rmine the amounts of grass consumed by sheop on pasturage graz- 
ing trials w^ere conducted on the light-land pasture at Cambridge. The main plot was 
divided by means of hurdles into five subplots. Two groups of four and five wethers 
each were used for the grazing ttriafe. The sheep were passed from plot to plot in succes- 
sion, the animals being moved on at a rate dictated by the necessity of always having 
an abundance of grass available for grazing. ' " 

Tho average daily output of faeces by the sheep on pasture w^as determined and 
during Ibis period the digestibility of the same herbage was found out by independent 
digestion trials on other. By a simple calculation the grass consumption of the 




per day which is about 1 * 3 lbs. in excess of what they would consume on ordinary w-inter 
rations fed ad lih. When the quality of the pasture deteriorated owing to unfavourable 
weather conditions the consumption also diminished markedly. However, even under 
such unfavourable conditions the dry matter consumption wdien grazing wiis greater 
than on winter ration by 0 ’41 lb. and 0*72 lb. per day in two separate (experiments, the 
variation depending on the degree of deterioration* 

the results of the experiments that sheep consurue a bigger ration, 
in terms of lbs. dry matter, when on pasture than when subsisting out-of-doors on the 
usual winter diet. The consumption is highest with young leafy pasture and diminishes 

with deterioration in its quality. [T. S. K.] ^ 
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